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PREFATORY NOTE' 


^ Manual- tiviiniiig tcarluM’s wIki (ail sliort <»1 lull mj<‘«*(*ss, fail, as a riili% not tliroujL^li want 
of kno\vlo<l,ir(‘, lait through inability to impart tlirir knowlodtro and to (*nlti\atn llit* power 
of observation in tboir seholars. 

( 'iifortiinatoly manual instruction is too often looked upo!i as sonH‘tliin^ apart IVoni the 
woi'k of the classroom, and it is ui;ue(l that it has little or no coj-relat i«)n with the elassiooin 
subj(‘cts. 

In this book an endeavour has Inam made to ^^iiide thos<* who woidd lx* Miceessful 
teaeluii’S of the sub|(*et in the method of proecMlnre; while the principle of coiaelation is 
ftirefidly set forth. 

The opeiiiufjj chapters will assist teae.liers who an* ealhxl 11^)011 to ujive advice eoneerninc' 
the provision and equi[)m(‘nt of classrooms in whicii to teach the subject. 
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GENERAL INTRODUCTION 


By F. II.VNDEI. TIloMI'WON, B.A.. Inspects of Sdionls, 

J()lianiH*s])ur^ ainl Rand 

Sir Jdsliua I'itc'h oiuc wrote; “Drawing’, repicseiitation, ('on.strnct ion, and decorative work 
arc educational i)iO('essos as real as reading an<l writing; they touch as nearly the springs of 
all that is Rest in human character. They may have results as valuable ami as far-re/ieliing.” 

'rids, I maintain, is the attitude that every zealous educationist should tak<‘ up on this 
imt)ortant (piestion of manual traiidng. 'I’he days are j)ast when we would ui'g(^ the intro- 
duction of this sid>ject into the school eurrieulum in an apologetic sort of way, and wlam 
the mefesl pretem'e at [)ra.ctie<d teaching had t<> b(‘ a(M*epted as “a step in the right direction 
• By means of a <listinet and definite eourse of manual work we, find ourselves able to train 
and dcA'elot) certain sp(‘(‘ial talents and aptitmh's for whicli no other subject of the ordinary 
school course a(Je(juatel} ju'ovidcs. W(* are enablci] to supply a course, of iixercises which 
will provide food for thought, and, while^ interesting the child in its actual occupation, affords 
a valuable course of gaining in accuravy^ carefulness, and in ordinary secpienee. Morcova*r, 
the bench yirovidi's *for the, child, ,who is ^lot passionately fond of l)q<)ks i^nd of reading, just 
thflj inceiPtive which is necessary to ’bring out all that is best^ noblest, ami im>st worthy of 
culiiyifcion, and ubich goes to form j^lrbe character. 
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nui vv<! niu.st he <jn^erly iiinl ni(‘th(»dieHl in our tcaeliiiig plan. ^\ e nuist endeavour to * 
e.orrelate as fur as possible those different branches of learning which appear *as different phases 
of tile manual instructors task. It is for this reason that i welcome the tippearanee of Mr. 
Milton's book, it is written by a man of vast experience in this particular branch of cducao 
tional work. It has stood tin* test of many years’ experituice both in the schools of London 
and <d’ Johan ncsbur;^. 

1 have the ^O’eatest c<jnlidencc in recommending; this manual to all those who are, really 
interested in the thorou«i;h and .scicmtific teaching of this subject to our boys. 

Ly W. ULITll \iAC(fRKfiOR, M.A., LC.P., Principal of the 
Training College, Johannesburg 

In these days of kaleidosct)pic change in the educational outlook, differences of opinion 
regarding the relative values of subjects proposed for study an* inevitable, and not infrecjuently 
tfiese differences are expressed with an amount of warmth which, however emliarrassing on 
occasion, must without doubt bring joy to the heart of tin* educational enthusiast; for t|jis 
warmth is tin* outcome of genuine interest, and in .scholastic matters, as jn all others, the 
warm enthusiast, even as an opponent, is always preferable to a deadweight of chilling 
indifference. * « 

Probably Manual 'f raining (Woodwork), more than any other subject, ha.s given rise to 
divergence of t)pinion, and one is not by anv nn*aifs preparetl to say tiiat the war is now at 
an end, or that thii suliject has yet come to its own. , Opposition to Woodwork as a school 
subject is discovered in ^\*arying degrees, from the mild jhotest of the indifferent teAcher, v/lio 
grumble.^ at “the waste of time", to the open hostility />f tke candid' and well-nfta/ilng 
enthusiast, who< “ sees nothing in it". • * * 
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, It is possible ^liMt tins opposition, wherever met, or in whatever form expressed, is duo 
to an erroneous, heeause too narrow, eonception of what edueatioii really is. Jt has been urj^ed 
tliafc Woodwork is a failun' b(M*ause so iniieli of the work done according to selieine is Ktteless — - 
tlte buys are not making things f/taf cun he directly used', or otherwise, that they are making 
things t/ifit cffiDKit he directly used\ all of which, of course, sounds very well, and is very 
fallacious. l)o(‘s the aveiage bov r>r girl ever (hret f/y ust*, in after life, min'li id the arithmetic 
that he* or she struggled through in scliool? or the composition in the (‘lassie jorm of “ essay ”, 
or geometry, or the many othei- things that might be mentiomaC Of (’ourse not. But how 
•seldom is their [neseiice in the timetable even (piestioned. 'I'hey bear the stamp of anti(juity ; 
tlu^y are the [)eers of our educational sy.^iem, with a long lineage extending into th(‘ historic 
past; and, whether uscd’ul or useless, their presence is hK)k(*d on as natural and ne(a*ssary by 
the v(‘rv teachers who object to Woodwork as “a waste <d time”. 

If, ho\v<‘Vci', we take a larger vi(*w of (‘ducation. e.g. that it aims at developing the power 
of l\n’nun(f and e.rpressi m/ ideas, then \\ oodwijj’k at (>mce assumes its pi'op(U‘ pla(;(* as oiu; of 
our most y.dua])h‘ instruments. It is now an edmaitional commonplace that idiais can be 
oxp»(!ssed by cohjui’ as well as bv the rcgidation “ (M>m[K)sition ”. But tlu^y can also be 
expressed in cloth •-which is only beginning to be rccogniz<al in our high(*r sewing (dasses - 
ill plaster, in pa[)er, pulp, Ac. \\ h\‘ not also in wood^ If the ^\oodwoIk exercise compel 
a pupil to think !ind subse(iuently erjorss his thonyhts (thiough the medium of wood), then 
it (mu justify its elaun to recognition as an educational force; and any unbiased peison who 
has narrowly watclie(i il class performing woodw(nk operations must admi^ that both th(‘sc 
at tiyities are constantly called into*i>hif, and thus a child undergoing^a scientifically arrang(Ml 
courdb ii^ Woodwork stands as good yhanc.c of being eduaUed as dOes one whose time*is 
licmfinft^ sojely to fhc so-c4 sch(da?lic subjects. 

^ ‘The present volume on Wo(xlw’ork fs attempt to secure the loi^ical arrangeme^it inferred 
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lo a})ove. It has hern written in the true c<liiwitional spirit, its principloti have been proved 
in aeliml practice', and of the value of the results there can be no doubt. If the book be 
used as Mr. Milton intoinls it should be — more a.s .su<(gestion.s for the •cnthusia.st than as a 
cast-iron ride of {u-ocedure for tin* casual instructor — it .should prove hivaluaide. Wkho«t 
enthusiasm the best textbook in the world must fail, and this one^ -even though its methods 
have l)oen tried and proved a great success in school ami training-college work — could hope 
lor no better fate. Hut, given <‘nthusiasm and sound common sense on tlic part of the teacher, 
the following pages must prove a perfect mine of information and inspiration. 




Part I 


SCIENIIFIC PRINCIPr<ES OF 
EUUCAIIONAL WOODWORK 




CHAPTER I 
Introduction 

Education. — Many eminont writeiH have nought to define the term 
“education”, and wfiil.st they differ as to the ultiniati' iiieaniiig of t)ic 
term, and the* methotl by which its aim shall be accomplished, all are agieed 
J-liat it is an instrument destined to develop to the full extent the faculties 
of man, and thus enable him succesafully to carry out his duties in this 
world in whatever sphere they may lie. To this end it is easential that 
all the facnlUes which lie undevelop(*d in the “jinbryo” man must receive 
(ho (jareful attention of the ediuuitor, in order that they may Ik* (pnekened 
and guided into right channels, that correct habits may l)e formed — habits 
of thought and action which shall make the individual a social blessing 
rather than an object of pity or a “.social cur.se”. 

Early fc^lAOEs. — During the first years of the child’s life it receives its 
e<luaiition from the mother, whom nature has specially endowed with those 
•educative powders which, properly applied, <juicken and develop the child’s 
aesthetic and other faculties. This early training at tln^ “mother’s knee” 
is all-iinportant, and as time proceeds other educators a.ssist in its further 
development. ’ • 

The School Aoe, — When the child first enters school we find it in full 
|X)S8eHsion of its embryo senses. It can .see, Ifear, touch, taste, smell; it has 
power to think and tafk and act, yet^how unfieveloped do we find these 
senses. Nov^ it is these .senses which the .tbacher has to develop, and such 
develSpnuint* must prcwecd by <lefinite laij^s, if all are to l)c successfftlly 
developefl to the full* extent. is tJii9*to be acroinplishedf 

Bof>\f ]\fiNl>, AND Brain.— 1’he child [assesses a l>#dy, the organs of 
whlfcf^ in a healthy chilc^ are all jx'rfectl^* formed aiul capable of develop- 
ment. Al^may be unif 4 )fml^ developeil or«one may be specially developtd at 
the expense of another. i^*ady uniform developni^nt of all the organs^inust 
be one oi tbe aims of the teacher. 
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We know that the chilil poHsosses a brain and nervons system. It is 
through the agency of thw nervous system and tlio sense's that the child 
gains its knowledge of the material universe. The mind is that indescrib- ’ 
able something which enables the being to control its various actions: by its * 
agency we think; under its dictates we act. It must not l^c confounded with 
the brain, though the two are in some way inse|)arably connected. How 
important, then, Wconies the duty of the teacher if the mind is to W* so 
develop«*<l tliat correct habits of thmight and action shall follow knowledge 
aetjuired by the smise.s. 

Mknt.vi., Moiiai., and Physk.’AI. Facliltiks.- 'Phe faculties posses.sed by 
the child are undeveloped, and it is the business of the teacher to aid in 
their development, because the prtK'c^ss of development cannot Ixi arrested, 
ami if left unaided the.si‘ faculties may develop into w'rong channels, or 
such development may 1m* sluggish and feeble. The |X)ssibilities ol these 
faculties vary in each imlividual. All an* capabh* of ilevelopment, but in 
some, individuals one or other of the faculties is capabh* of much greater 
development than others. Again, the faculties in vai’ious individuals are 
not always (piiekeiied by the .wine stimuli. The teacher mu.st l)e careful, 
then, to so vary the .stimuli that the individuality of each child under his 
care .shall receive that particular quickening intluence which .shall awaken 
the child to a .sen.se of his very being; careful to note the effect of such 
quickening and follow up the path thus di.seovered. ** Kvcry chihl’s mind 
is a casket of gems; all that is wanting is the key.” It is tin* dut^ of 
ev<*ry teacher to endeavour to find this key. Where one t«*aeher fails to 
find that key another may .succeed. Where one scIkm:)! process fails to 
aHiud the clue another may yield the e.ssential requirements. 'I'he hx’k 
to this casket may W “many levered”, and when the tight key is found 
all the levers are grivcefully lifted together eaeli in due proportion. So 
may it Ije with the child. Kind the right key and you have a natural 
ami ])ro|x>rtioiiHl development of the faculties with ‘which the individual is 
eudoweil. , 

luK Karly Sy.stkm.- There is little douht but that early systetus of 
o<liiention were kiiow'iiigly or imknow'ingly Imsed on • the assumpCi<¥i' that 
the child had a mind Hud hrain, and that it'wa.s the duty of the *e<hicator 
tg pack the.se with "information". No thought appears, to have Ixeii ^iven 
to tlje phy.siral faculties fHxsse.sseq by the child, and little or my attention 
paid to training the children to acquire knowjeil^e as the outcome of their 
•experience hy contact W'itli the iivaterial world. 
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Daier Sy\stems. — We now find that tlie child ia treated in its entii-ety 
— body, mind, and soul — and the syatem of educAtiun is varicMl (o meet the 
^needs of, and provide for the full development of each, and this in no 
nai^-ow sense. Instead of the child beiijf^ “told" all that it is desired the 
child should know, it is le<I hy natural methods to *‘<iiscover" most facts 
for itself. In additii^n to the more purely “ memory " exercises of the joist, 
will* be found the inclusion (if praeticiil subjects — subjects that call for 
pl*ysit*al exertion in or’ler to ov(‘rcome difficulties, the mastering of which, 
under the ^uidancs* of skilful teachers, enables the child to observe certain 
facts and dedue(‘ certain laws, the kiiowledtyt* of which carries the scholar 
forward and enables him U) approaxdi new and more difficult problems with 
the conviction strong within him: “I will master it". ProlMibly this is lx*st 
summed up in the following words; “If a man make known b) me some 
.fact that has coim* under his observation, he is giving me information; if 
he make plain to me .some pro{K)sition ui science or art, he is giving me 
instruction; but if he emphjy the latter skilfully for the purposi^ of exei*cising 
my own faculties, then he is educating me". It is the duty of the teacher 
not merely to impart information and to instruct, but to cdncofc. “A child’s 
education must not Ih‘ eHtimat(‘d as you do an apjde, tree, by what you can 
count, but rather as you do an oak, whose duration for hundreds of years, 
and fitness for valuable uses, are due t<» its slow, continuous, hut alimjst 
im|)erceptil)i(* growth. ” 

Manual Trainingf.- All systems of ediication now include manual training 
•in some form or other, hut, unfortunately, it has come to lx* looked uj>on 
as something apart and distinct from the school work of the child. Ry 
many it is still looked ujxm as a pheasant form of recreation which may 
be entered up<jn or rejected at the will (jf tl*ie individual child, or which 
may be introduced or withheld from tin* curriculum of a school by the 
capr ice of those* iit authority. Fortunately •for the child the jxjsition is 
rapidly changing, and those who to-drj^' act aA hwlei-s in the educational 
woald are ccgivinced that manual training«rs an essential factor in the edu- 
cation of, a child. , , * 

AtfilNCV OK ManA^ai. TkaininAj. — Al^nfrtil training is not a “new thing”. 
I’he narje may be new, but the practice (bites back to. the origin of man. 
Hy*i\f4 aid maa ha^i at i^l times, and in aU chmoH, oecjuiriHl his real know- 
ledge of the universe; its aid have*oui** great inventors made the valuable 
discoveries which enable "tis to live in ease and comfort to-day; by Vs aid 
were tike material facts acquired wirich* enabled the various 'natural lawsT 
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to l)e defined. Only think of mans jMjsition to-day and compare it with 
his i^Misition in the Stone*Age, To-day we have our steam engines, ships, 
telegraph, telephone, bridges, tunnels, &c. By what agency other than 
manual training were they acc|uired? Now this ejvrly form of mapual 
training was not practised in our schools; it was left to the taste of the 
individual to engage upon, or neglect it, at will, with* the consequence that 
only the genius came to the fiont and stood out as a monument among his 
fellow men. ' * 

Intkoihtction into the School-s. — When it was found necessary to 
iiKjdify the prevailing system of education, which, as we have seen, consisted 
solely of imparting information, the necessity for e.xperiment Ix^came evident. 
What was to Im done(* What form should the change ttikes' Vractical 
work of some kind had to be intrtKiuced. By what name should it be 
known? The practical work introduced took many forms, among the incxst 
im{)ortant of which was working in paper, cardl)oard, leather, clay, woo<l, 
and metal. These forms exist to-day, and they fall under the general title 
“Manual Training”. In the upper classes working in wocxl was found 
in most instances to l)e that form which best lent itself to the desired 
end, but working in wood could in those early <lays be ass^K'iated with 
nothing but “Carpentry”; and in the early days, bt^ it understood, the i«lea 
was not the acquirement of knowledge through the agency of doing, its 
main aim was to develop “ Handicraft ”. The pioneers of such movement 
ba<l perforce to adopt those methods common to carpentry, and the trailing 
certainly siwoured of a “ workshop training”; but such Js not the case to-day. 
The work is no longer carpentry in its restricted sense, i.e, that of producing 
articles of wood, but it is practical education, forming an integral part of the 
school system, and having foi its chief object the full and thorough develop- 
ment of the child’s facultiea Manual training, like other subjects forming 
part of the system, may, and Often does, provide the^key whereby the casket 
of gems is opened. How Often is, it the casci that a Ixjy who is totally 
apathetic to all purely mental studies has his interests and desires (jjuickenod 
up<Ai entering the manual -training classroom I What scope, too, is^ afforded 
for the application and U'sting df natural ’ laws ! ManiVal training is science 
in the truest senso of the wonl. Almost imperceptibly changes have, been 
taking place in the methods Yipplied to this subjeot. It*' is ito longer a base 
of “ What has the child done?" bui “ What has the ^rk done for the child?” 
And Who can measure thia? The bright eye, the ready wit, the skilful hand, 
•the thought'Kiirected action, the hytelligent application of natucal'laws to 
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acconipliHli a jjiv'eii end, are tJie iiianiml-trainiii^ teachern reward for his 
eftortH. What needs lie more? * 

. Educational Advantag'es. — ^^l^cation a^lvanees by know'u laws, and it 
is ^le application of Uiese laws which must 1 k‘ the aim f»f the manual-training^ 
teacher. The child enters the manual-training ivxnn keenly alive to the 
IKJHsibilities, and usuAlly fully confident that “he can do it”. He soon Hnds 
thaf he can do it, but that it is done badly. Why is this? Is it the child's 
f^dtf No. Whose fault is it? It is not a fault at all; it is merely that 
certaSn faculties are as yet not fully <levelo|)ed, and it is the <luty of the 
manual-trainiriff teacher to carry on this devtdopin^ work. In the lower 
standards the child has been taught to work intelligently with softer material, 
as clay, paper, and cardboard; now he is face to face with a harder form of 
matter^ new or advance<l laws have now to be applied, fresh tools handled 

* which re(juire the exercise of ^eater skill in their manipulation. Does the 
child possess this skill? If not, how can it manipulate these tools success- 
fully? Now skilful manipulation implies perfect control over the particular 
muscles operating the ^iven instrument. The actions involved are com- 
plicated; bein^ new, there is nothin^^ automatic or reflex in such actions. 
Here it is that the teacher shows his skill. Step by step he leads his scholars 
to see, think, and reason before deciding upon any given action. Step by step 
he le4uls his .scholars to attempt succeasfully any given line of action. Step 
by step the^holai-s are led to acipiire that confidence and self-reliance which 
aloilb makes man the master of matter. Call the work what you will. Call 

* the things made excj*cises or models. Call them joints or rubbish, they are 

but means to an end. They do but contain the steps whereby the pinnacle 
is reached. These steps must be easy that all may a.Hcen<l. There must be 
sufficient to enable the capable to continue climt)ing, ever nearing the pinnacle, 
which for each individual is only reached when he is ca{)able of using all 
his faculties to the fuyest and 1x*hI. You citniiot tran8|)ort the individual; 
he must start frtim the base, he must make^ an tffibrt, and the eftbrt must be 
sustained, tach step in the ascent mustf demand just so much eHbrt and , 
exeiji^ as * the individual is capable of jwUing forth. You may by ^our 
teach ^ 1 ^ po)vers aid fiim in his cliinb, ossisfliim over his difficulties, encourage 
him,to x?ontinued effort, and lead him to success, but rrtneinber he must do 
the climbing. •If aw careless in yoin^ teacliinj' and make the child^s ta»k , 
too difficult by endeavfm^jjng te> mak5 hibi take two steps at once, yon may 
thus discourage and retard his progress. • 

WhM does this making of “things” 'hi wood or other substance mean td 





SCIENTIFIC PRINCIPLES 


the cliikl? We have only to look within for the answer, which cannot be 
expi'essed in wonls. Who* has not experienced that feeliuj^ of delight at the 
thought that some ddhcult piece of work, ilenianding all the ettbi-t- of w'hicb 
you were capable, mental and physical, has at last lx*i^n successfully acQom- 
plisheill With what pride do W'e view' such w'orki What then must l)e the 
chilli’s feelings wdien it sees l>efore it a " complete thirtg ” and can truly say 
' 1 made it”! “It is the outcome of my own eftbrt.” “Teacher guided me, 
but alone I did it.” Is not this the true germ of manhood ( Is not ihanftal 
training capable of assisting in the development of tliis genin' 

Who shall bo the Teacher? — Much discussioii has arisen on this point 
Naturally, at the outset of this experiment, the teacher hail to bp a man 
possessing the necessary skill. ’Phis was the carptmter. But is he a teacher j* 
He may not have lieen, but is it impossible for him to l>ecome one? J[f it be 
the class teacher, dot's he possess the necessary skill? He may not, but is it* 
imptissible for him to acquire that skill? These are problems which each 
must solve for himself. The vital point is that all wdio teach must be 
teachei*s, and he who is interested in his subject wdll surely leave no stone 
unturned to attain his end. All must study child life. Practice and ex- 
perience will alone make perfect. Failures must l)e left to the mercy of the 
authorities that be. One thing is certain, we cannot afford to hinder the 
eliild by placing over him an inefficient teacher, l>e he trainetl or untrained. 


CHAPTKU n 

Classrooms and Equipment 

Too often is it the case, when considering the question of new schools 
that manual training is overfotiked, qr it is even thought by some that “any- 
^ thing is g<K)d enough ”, w'ith the result that any old building — be it suittible 
or unsuitable, well or liadly veqtUated and lighte<l — is considered fi^^fof the 
purpose. *• „ j ^ 

The children have first to be considered, ami if they are to spend a portion 
ot their lives in these i*fMiyns It becomes the first djity of th#' authorities^, at 
all ctists, to see that these rooms affS^ni & healthy environment for the children. 
The vfork, calling for physical exertion and the discharge of effete matter 
•from the bodj', necessitates special •attention being paid to the ventilation of 
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the room. No fixed law need be nia<]e concerning the shape and arrangement 
of a room, but the following i>oints need attemioii. 

Rooms. — When possible it is advisable that the following rooms be 
provided: - • 

(A.) Entrance Lohiiv. — Provides! with hat and cloak p'gs, wash basins 
(al^nt one to everj^ five scholars) with water supply and waste. 

It is essential that the lobby be well lighted and ventilated. During wet 
tk^eafher the hats and coats are often very wet, and it is necessary that the 
vapoui‘8 given oft' from such clothing should not enter the classrooms. The 
lobby should l)e large, to prevent overcrowding, and the entrance dor)rs should 
swing ^in lx»th dinKitions. 

(B.) Bench Room. — The size of this room will de|)end upon the number 
of bgnch places for which provision has to be made. (Twenty is tl»e 
maximum for any one teacher; thirty if assistec! by a junior teacher; forty 
provided two (pialitied teachei*s are present.) 

The shape of the room is lK*..st determined by allowing for the Ijenches 
to form two rows down the ro<jm, the lienches having their ends directed 
towanJs the windows to ensure good light to the w'orkers. Assuming that 
the room is arranged in this manner, and that each bench is approximately 
5 ft. long and ft. wide, the ivldih of the rmnii will require to Ije 24 ft.; this 
will allow for a central passage (i ft. wide, and passages at each side 4 ft. 
wide. Tift* length will be determined by the numW of bt‘nches; the sj>ace 
lxjf>\'een them should l)e 8 ft. (more if [K3ssible); thus each liench with its 
working spirce tx'cupies (> ft. r\uj of Hoor. Working space must Ihj allowxsl 
for the Imck row' of benches, also space for teacher’s <lesk, demonstration 
Ijench, cupboards, &c. 

There should be a teaching space of at lt*a.st 10 ft. iii front of the class. 
On this Ijoais a bench r<xmi suitable for t)m accommodation of tw’enty scliolai-s 
would be 42 ft. by 24 ft. * 

WhidmvH and VentilatUm. — The* wiqdows should come as nearly as . 
pdl^ible opposite the ends of the l)encht^, and have their sills alx)ut ft in.* 
hi^ty^thah the to^ pf the benches; the ^ower part of the windows slumld 
have*doubJe-hung sashes wi^i (Jftp guaitf bead at bottom to allow for the 
inltit of air at the meeting rails during wet or cold weatlier (ftg. 1). The top 
part should Re s<f constructed that the^rfOshes dpen on the louvre princtple • 
(fig. 2).* 

Providetl good use can be made of the windows in this w'sy there is little 
need tA ct^isider any further provisidn f6f inlet of air; but shoiild these not be 
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fully available for the purpwe, then TiMiiif* tnhex should be arranged at 
inttM'valH around the rtxjiii; these have the aflvantage that in smoky or foggy 
weather the air can be filtered bidore entering the rrxan. 

Air outlets are essential. These shouhl in? 
on the mica -flap principle, and plentifully 
arraiige<l about 0 in. from * ^ 

the ceiling. Provided no 
rooms e.xist alx^ve the class- 
r(x>m it is l)etter to arrange 
for an “ optm r<H)f ” with 
outlets in the ceiling, and 
“ Boyle’s ” extractors in the 
r(K)f above. It is essential 
that the children should be 
protecte<l from draughts. 

These points Ciirefully at- 
tended to will preserve the 
children from headaches, 
faintness, or exhaustion by 
overheating in summer. fjk. 2 

Blinds shouhl be pn>- 

vided to all windows. Brown hoi land is the most suibibh* material, for 
whilst shutting out excessive sunshine it does but serve ro sulxlue the lij;ht 
Entrance doors should be large and swing in both (lirections. 
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* Furniture: Wm k Bn^lhes, aiuji Tool Rocifcs.— Manj^ Vonrdft are now in 
existeAcje, each with its relative merits,' and it is c^flidult to claim that any 
one form is perfect. Specfial circumstances, too, must be considered. In 
cases where the classroom is devotid entirely to manual training’ tlft* open 





CLASSROOMS AND EQUIPMENT 


11 


Scores 


dual bench with tool racks placed l)etNveen each |»air of lienches, as shown 
in 3, has many advantat^es. 

Where the classroom may at times Im» used for purpcwes other than 
manual training, ami jKJssibly by teaehei-s not rospcjnsible for the bxjls and 
equipment of the nx)!!), it Ixjcomes necessjiry to arranjje for all tools to W 
Hinder lock and key*; this is often accomplished by the provision of cupboards 
under the benches. T^he principal disadvantii^es of this system are: — 

(а) All tools are hidden from view aiul not readily accessible to the scholar. 

(б) It is difficult foi' the ti‘iu*her to exercise that supervision which is 
essential to ensure that all tcxjls are kept in proper order. 

(c) * Cupboards of this description ustially harlxjur <lirt. 

(d) The dotn's swin^in^ inb» tlie bt^nch walk impede the free movements 
of tlib scholar. 

Advantages of live CentTal-iuck iaiystem : — 

(a) All tcKjls are 
rea<iily accessible to 
the scholars. 

(h) Theyareeasil}' 
suptuvised by the 
teacher. 

^(c) Missing tools 
are at once detected. • 

(d) Being exposed 
they can more easily 
be kept clean. 

(e) They offer no 
impediment to the 
scholar when at work. * 

*^The Bmch. — Ri- i 

gii^it^s an essential, 

feature. The most 

* * • 

sui^ablG size is 5 ft. • icig. 4 

long, 3 ft. wtde, find ji , , • * * * 

2 ft. 6 in. high. It fotlo^'s naturally’thal different individuals requii’i^mchea 
in keeping with their height The top surface of the bench should Ixj in 
line vrtth* lower portion of tlie buttockk? It would be advisable to vary the 




ffscprss^ 


12 


SCIENTIFIC PRINCIPLES 


of the benches in a room from 2 ft. 4. in. to 2 ft. 8 in., placing the 
lower benches to the front ami the higher benches to the Imck of the class. 
They shoiihl be provided with substantial vices (tig. 4). 

The vice is a most important feature of the bench. J/arious forms exi»t, 
and it is most economical in the end to furnish all l>eiiches wdth good vices 
at the outset. * ^ 

I afitfintiineoiiM Grijt i'ire. — Tliese are the })est in the market, and though 
tlie first cost is relatively high, this is more tlmn compensated for by the 
saving in time and w'orry, and the eHectivem‘ss of their grip. They should 
be line<l with har<l w<xhJ. 

— This is an excellent vice, but the spring blade actuat- 
ing the instantaneous grip action is apt to get out of order. It is certairdy 
to Is* preferix.si to the old fashioned screw's. „ 

Iron Screivti. — 'rhe.He are a great improvement on the old wfKxlen screw 
but entail much lo.ss of time, and the grip afforded is not “ parallel 

Wooden Sereins. — These, though still much used on account of their 
“cheapness’*, are very unsatisfacUiiy. Like wixslen .ships, they should be 
regaixlecl as “ things of the past ’*. 

CeiUriU Tool Racks . — These need no special description: the aceom- 
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• 

panyilig Hgurc (5) explains all details, and the number and arrangement 
of the tools can h? varied according to special •requirements. 

Citphoanl ftn* i^pecial Tooh. — A cupboard should be specially fitted, and 
pjaced in a convenient jHisition in the nxan, to hold all extra Uxjls, The 
dimensions and internal fittings will dep(*nd upon tlie nature of the s|)ecial 
tfKils stocked. 'Pha scholars have free acei'ss to such a cuplxiard during 
th^* execution of any special work calling for the use of sucli tools as the 
cupboard contains: alf tools should Im; returned to the cupIxMird at the close 
of the lesson by the user 

Work (\ip}>oar(1» — " Lor kern". — Suflicient accommodation should lx ]>ro- 
vided to hold the* work of each setairate class attending tlie centre. Many 
systeins are adopted, hut the IxLst consists of providing a Iwker for the 
work of each class; these should be contained in one or more cupboanls, 
each *lockcr being approximately 2 ft. long, 15 in. high, and Hi or 18 in. 
deep (front to Iwick). These should be providtsl with kxks. 

Cu/)f)(H(r(Ls for i:)foritHf Finishrd IPor/*.- The size and arrangement of 
such cuplxianls will vary acconling to the nature ami amount of work 
oxecubsl. Any orilinary euplioard will answer for tlu^ purjsisi*. 

iihoo' Casrs.— ihw or more show cases shmdd be provided, in which suitable 
sp«*ciinens of the .scholars’ finislKsI work can 1)<‘ t‘xhibited, the main purpoBC 
of exhibiting .such work Ixing to encourage emulation. 

A cas^ i.s also neciNssary in which to store .specimens of wckx], ^c., to 
be* used during the le.s.sons on timber, tools, &c. All specimens should be 
properly labelled ami classified, am! scholars should be encouraged to examine 
such specimen.s. * 

OeiuTol Stork Cuj>ho<ir(l.-~ Oim such cupboard is m^cessary for the purpose 
of storing articles of a general character, q 

(C.) Drawing Cla.s.sro()M. — It is common in manuabtraining classrooms 
for scholars to prepare tkf*ir ilrawings on th.» work Ixmch. Whilst this may 
seem economical, it is detrimental to the schohir, and the conditions are not 
conducive Jo the production of really .satisfactory drawings. 

VHsodvantoge to the Child. — 'I'he scholars have to stand for a considerable , 
tiillejTf? a stooping pi^ition, caushig the bock and legs fo ache. 

Di^ulvantHgcH to the WoH\ — (o) (Jwing to the stooping position occupied 
by*the schol^s tljey hf^ve not complete control over the drawing instruments. 

(6) The tired feeliitg, fiauseil by-conStant standing and stooping, leads to* 
carele.ss work. • ^ 

(cjtT(je Ixnches cannot pos.sibly lx>,kept as clean as a drawing desk Or 
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table should be kept, and in consequence the drawings cannot be kept clean 
and tidy. » 

(d) Where the benches are used for the purpose of a drawing table, all 
scholars must ceasC drawing at the same time, be their drawing finished or not. 
The provision of a special classrooTu and desks enables scholars to complete 
their drawings without being disturbed by the movements of other scholars. 

Admutoges of a Classroom. — (a) The desks arc specially crtii- 

structcd for the purpose, and avoid the necessity for the scholars occupying* 
a stooping position. 

(6) Stools are provide<l, thus ermbling the scholars to occupy a position 
of rest during the lesson, which is conducive to the production of more 
careful work. 

(<?) There is an air of sptjcial cleanliness about the, room which iiii- 
coMsciously itiHticnces the scholars to put forth their best efforts. En- 
vironnient makes the man.” 

{d) Scholars can sit (piietly and complete th(‘ir drawings whilst the re- 
jnaiuder of a class is at work in the Ixuich rewm. 

(«) In centres where more than two sessions per day are worked, the 
provision of a drawing classroom enables the time for each class to overlap, 
thus reducing the total number of hours per day which the teachers at 
such centres are compelled to be present. 

Thus, in a centre working three sessions per day, of two hours^duration, 
jirul having two teachers, the times of the classes could be arranged ,as 
follows: — 

(Iroup A, 8 a.m. to 11 a.m. Group B, 1030 a.m. to 1 p.m. Group C, 
12 30 to 3 p.m. 

Group A would be drawn frq^ii the school on the premises. 

Group B would Is? from schools in the imuiediate neighbourluxjd. 

Group 0 would be from scho^ds somewhat removed from the centre. 

It is a common practice to#devote only two hours fier week to the work; 
this is insuHicient time in which to^do*justico to all branches of Uie subject, 
riio ab(3ve arrangement would give the scholara more time for the wOrk 
without distressing the manual-tra»uiug teachers. DuriTig the middle ^vr'iod 
the teachers would rtjieve each other U>r the*pufposc of affording a luncheon 
interval. . • ^ ^ ^ 

i)init’n8iona of Dntv'ivy litMun. — ^'he^^e will vai^ according to th<vnumber 
of schol’.rs and the |)Hrticular typo of drawing desk ^upted. Designs for 
desks are shown in figs. 6 and 7. ^ . 
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Assuming that the drawing classroom is a continuation of the bench room, 
having a width of 24 ft., the most convenient fom of desk would be that to 
‘ accommodate three scholars, thus giving a central passage 3 ft wide and side 
• passages 18 in. wide. Each row of desks, including space for the stools, will 
occupy about 4 ft. run of floor space. Thus with twenty-four scholars in the 
class there would be*four rows, occupying 16 ft. run of floor space, and, allovv- 
ing«for a teaching space of 10 ft., the room would require to be 26 ft. long. 

, of the Ih'^iwlioj Rmmi . — The room should form a continuation 
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of the bench r<K)m, an<l .separated therefrom by means of a partition 
having the top portion of glaas. 

Thi.s may have theVffect of producing a long, narrow building, but this 
di^eulty c^n be overcome ))y arranging, the rooms side by side, when it 
rnufd be Ixirne in mind, however, that one side of the Ixuich room* will * 
hav^ •ftb windows— “a* serious dirfoct only* partly compensated for by the 
inscitiqp of lights in the rorfl*. * , 

• Lighthig fwd Ymtilatiov . — The rofnii glumld be particularly well ligh^^d, 
and a top light is a gfeat* advantage. Xhe ventilation of the nxjm should 
be carried out in a manribr .similar to that prescril^ed for the bench \ooni. 

Oever/l Fittino.s: Drawing simple form of drawing de.sk is 
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Fig. 7 


shown in figs. 6 and 7. In design they are similar; the length can be varied 


to suit the conditions of the room. 



• Fig « 


The desks are 2 ft. & in. high. Thus 
scholars have to occupy a semi-stand- 
ing ^ition. l''he slope of the top 
should not exceed 10 degrees, and 
the small shelf on the top provides 
accommodation for the drawing tools 
whilst work is in progress. The pro- 
vision of a drawer is not essential, 
but when introduced it enables ^he 
smaller tools, common to the dlesk, 
to bo locked away at the close. ^f®tho 
lessfin. «The class monitor slioi&d be 
held res{X)n8ible for the super vi8k>n 
^of such dra^rs. 

Thp, Stools . — These are small but 
they afford just the required amount 
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of rest to the scholar, at the same time preventing general shiftiness. (See 

BUu^khoarfL — A large sliding blackboard should be provided, together 
with a platform from* which to teacli. 

Cupboards for general stock, and racks for storing drawing boaixls and 
T-squares, are essentiAl. 

A teacJter^s demonstration table is a necessity, .ami may be* in the 
foAn of an ordinary table. 

(D.) Store R<X)M. — It is essential that a room be provided in which 
to properly store the timber. It should be large enough to permit of all 
kinds and thicknesses of timber l>eing separately grouped and stacked in 
such a manner that air can circulate freely alx)ut the planks; at the same 
time ea^h stack should be readily accessible. 

. The room should be well ventilated to carry off any moisture ai-ising 
from the continued seasoning of the timber. 

To leave the timber standing in the chwisror>m, as is sometimes done, 
gives to the room a very untidy appearance, which is detrimental to the 
best interests of the scholars. 

(E.) Teacher’s Room. — Whenever possible a small room should bo pro- 
vided for the use of the teacher. This should be furnished with desk, chaiis, 
and a cupboard or shelving for books and stationery. 

General^Remarjcs : Warming. — It is often urged that, as manual work 
is of % physical character, it is not necessary to make provision for warming 
the room; this is a fallacy. The tem|)erature of the manual-training room 
requires to be but little lx?low that of the ordinary classroom. 

Assuming that the work is of a physical character, it does not follow 
that at all times all scholars will bo perforfliing such tasks as call for 
sufficient physical effort to keep the blood in rapid circulation. Hence 
provision should be mac^ for warming all rooms in cold weather. 

Open Jirepluces are most healthy but not most economical. Where this 
fornf js adopted care must be taken to use a guard surrounded by gauze 
as a ^Igguard against ,fire. The ^auze prevents the heat radiating freely 
into thft room. • • 

Nql-water TUidiators. — These are the most effective, rfnd provided they 
are Sirectly associated witli Jhe air inlets, ,aind *so situated that filth canned 
accumulate* in inaccessibfe^ parts, thej^ a^b, next to open fireplaces, most 
healthy. • ^ \ 

Slow •combustion Stoves and Oib Sfd^es. — These certainly* warm the 
( 0 616 ) • 
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4 ScRKWDRivERs, 4 in., bojC handler 

(cabinet pattern). 

2 eacli, SroKRRHAVRS (best boxwood), 2, 1|[, 
in. 

5 Spokeshaves, Stanley’s iron (double 

cutters^ 

20 Try Si^uarks, 4^ in., obtmy stocks. 

2 n m 

Nails — 

Best Ooal irtVw 

2 lb. each, 2, in. 

3 „ 1, I in. 

1 » f , i in. 


BniM JUscutckeon Pirn 
2 11). each, lj[, 1, | in. 

Screws — 

1 gross eacli, in.-12, in.rl2, l^^in.- 

12 . 

2 gross each, T in.-8, in.-O, f in.-4, 

i in.-4. 

Brass Bcrews {round headed) * " 

2 gross each, | in.-4, | in.-3, ^ in.-3. 

2 gross Hooks, j in,, brass, square 
shouldered. 

1 Stove and Tray for gluepot. 


The foregoing list represents an economical eiiuipment for a clai^. The 
list can be revised or supplemented to suit the particular course of work it 
is proposed to adopt. All tools should be of the very best quality; inferior 
cheap tools lead to unsatisfactory work and prove more costly in the end. 
Economy and efficiency should be combined. Economy at the expense of 
efficiency is but false economy. 


CHAPTER IJI 

Class Management and Discipline 

In a well-ordered manual -training class there must be perftjct discipline. 
The scholars, in manual-training classes, by virtue of the special character 
of the work carried on, must have greater freedom, hence the necessity 
for strict discipline. Whilst perfect discipline is’" essential, the teacher must 
not become the slave of any particular system. Discipline is the means 
wl\ereby the teacher gains bis purpose and leads his scholars Co the d?sired 
goal with the greatest ease to 9II concen?ed, and with the greatesWimount 
of good to the scholars under instruction.' It is a moans to an end, ‘not an 
end in itself. , ^ 

The Teacher. — The influence*^ of ^thc teacher ®iipon *the'^chil(jren under 
his <^re is more powerful than is usually recognized. Children observe 
, every movement of the teacher. ^They watch his incoming; they observe 

his movements in the class, listen to his discourse, note his radbds* obaervA 

• « 
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his habits, and consciously or unconsciously tend to follow his example. 
This being the case, how necessary is it that the teacher should watch himself. 

Order and Neatness. — If habits of orderliness and neatness are to be 
* encouraged in the children, the teacher must see that in all his doings he 
himself is orderly and neat. The room and all that pertains thereto must 
be arranged and kept in an orderly manner. There should be a dehnite 
pladb for everything; the scholars should know that place and be taught 
t© keep things in their places. During the lessons many tools are reijuired; 
these should not be strewn alx^ut the bench in an indifferent manner. The 
teacher, whilst demonstrating to a class, should quietly, and without ostenta- 
tion, so arrange his tools that the scholars see at once the value of such 
an arrangement, and how readily each tool comes to hand when required 
for use. The bench should not be overloaded with tools, but as each ceases 
to be l-equired it should be returned to its place in the nick or cupboard. 
When j>assing round the class, call attention to any untidiness connected 
with the iKuichcs, At the close of a lesson scrutinize all racks carefully 
and see that the tools have been properly put away. The scholars should 
brush all parts of the l)ench, thus leaving it clean and tidy for incoming 
pupils. 

Surplus material from a lesson should be returned to the stoi'eroom. 
Nothing gives to the room a more untidy appearance than a number of 
short endt4 and sawn planks distributed at random alxjut the sides of the 
classroom. 

All work and books should be carefully collected and stored in suitable 
cupboards at the close of each lesson, and the distribution and collection 
of such should lx? the duty of the monitors. 

At the close of a lesson scholars should •write their names and bench 
numbers on every piece of work, to facilitate future distribution. 

Each scholar should provide himself with an apron, to which ^ould be 
attached a label bearing his name, bc^ch Bumber, and class. 

•Punctu^ity. — The teacher should be. in his place from ten to fifteen 
minfltes before the commencement of the. lesson. When teachers foruf the 
habTt^Bf coming lafis,* it is smatl wonder* that their scholars attach little 
impoft^ce to habits of punctuality. The teacher beings in his place before 
tiihe* enables ihe iuonit(^s to enter the classfoom and distribute all books, 
work, and aprons before tlfe scholars enter; thus the real work of the class 
can be proceeded with wfthout loss of time. Another advantage gaOled by 
the teachg: is that he is enabled to psepare any material or arrange fof 
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^'speciaJi requirements of such a class. Where teachers enter the classroom 
their scholars, much 'valuable time is wasted in such distribution of 
or^Mjih ^>ecial preparation. Not only is there a great waste of 
time, but the'sdbolars, having nothing to do in the meantime, become restless, 
and the teacher disconcerted. Once this takes place in a class there is jUttle 
hope, of silent, steady work during the lesson. • 

All lessons should start at the time appointed, and the same punctuality 
should observed at the close of the lesson. Concerning the question ©f 
punotuaUty, co-operation is needed on the part of the teachers in the schools 
from ‘whehce the scholars are drawn. Many teachers form the habiv of 
keepil9g sehohi^ to do special work when they should be in attendance 
at manual-traiiiing lesson, with the result that when a class is lined 
up for ^t^riiig the ipom -aill are not present. The scholars instinctively 
take 'this as of disrespect for the subject, and are tempted to think: 

‘‘If teacher does not care whether I am present to time or not, then why 
should I care?” * 

All latecomers should be carefully questioned concerning the reason for 
late^esi^, and a record kept Absentees should be carefully enquired after, 
and the seriousness of such absence pointed out to the scholars. ^‘e.,4|Uc- 
cessftil working of a class is often ruined by scholars who attend irregularly. 

The attendance of scholars at manual-training lessons should in no way 
be interfered with by the introduction of special events, as sports, special 
drills, &c. A time is appointed for the manual-training lessons, and nothing 
should be allowed to interfere with their due course. ^ 

Ifalllitors and their Use. — The successful teacher is usually the one 
who does least for his class. He acts as a director, and by the judicious 
selectien and guidance of monitors secures that most of the work— other 
than jabsolute teaching — ^is done by the. scholars. This has a very important 
bearing upon the class. Boys love power, therefore there is, in the promotion 
of scholars to act as monitors, a valuable incentive to work. The pupils 
are made to realize that they are "themselves responsible for^the gen3ral 
condition of the room and its Qrderliness. This arrangement enabled the 
teacher to think and act calmly^ « and to Avoid that semblance of r'®h‘'and 
hurry which is so -fatal to successful teaching. 

, Monitors should be in their rplaces, if possible^ ten^invtes before the 
incoming class, and have everything in readinels f6r work. " 

Elttry of Scholars. — ^^Before entering the cla&room the scholars should 
‘“line up” in«readines8 to enter the room* Whilst on line the teacher should 
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rapidly review each scholar, noting such points as untidihesB of pen^n, ^ 
dirty boots, hands, face, &c. This may appear «to be a minor point; 
no business of the manual -training teacher, but rememb^* ^|rv^|^s ane 
' the, time being in charge of the manual-training teachefi wlio^'must lea^e 
notinng. undone which will conduce to tlie general wellbeing of the class. 
Tlie scholai-s may bo "poor, but poverty is no excuse for carelessness or j^lth. 

Scholars should march in an orderly manner through the lobby, and 
a monitor should be appointed to see that hats and coats are hung up tidily. 

When the scholars enter the room they should march quietly to their 
places and remain at attention for ensuing orders. Where are 

allowed to enter the room indifferently, cliaos prevails, andf 
time and energy are expended in securing that which should^ lAYa existed 
from the first — Order. , , . 

RdgistPation.^Class registers should be called and attahdaUces recorded 
in keeping with the instructions laid down in the Code. Here again correct 
habits on the part of the teacher show themselves and have a^silent Influence 
on the scholars. 

JDiff^bution of Lessons. — All lessons should proceed in a methodical 
rnaA^r. 

A certain portion of time should be allotted to drawing. This is^ best 
taken at the commencement of the lesson, before the physical <Jondition of 
the scholam has become afrecte<i by the exertion of working at the bench. 
Not^more than one-fourth the total time should be devoted to drawing. 

THi change from drawing to benchwork should be orderly and quickly 
effected. All drawing materials shouhl bo carefully passed, accordip|f to 
given signals, collected, and placed in their proper places by . the monitors. 

When starting benchwork it is a good plan to call all scholars round 
the demonstrating bench, and if necessary give any demonstrations that 
may be required. Shoijld*no demonstrations be necessary, the class sliould 
be carefully questioned concerning the method of procedure for the particular 
woi4c on hapd, and any information of a« general character which may be 
necegsary should then be given. This arrangement enables all scholars to 
settle s:juickly and qflietly to thejt* wor]c sfithout confusion. 

During the benchwork lesson the scholars should be interrupte<i as little 
as ^}^ible. Mucht^j^me^is wasted by repeatedly stopping the whole class. 
This shoidd as far as possible be done only when a demonstration is about 
to be given, or when the*lesson is about to doss. ^ 

Lessons on Tools* Ac. — Much of this work will be perfenned during* 
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the demonstrations, but it is a good plan to set apart ten minutes at the 
close of every lesson for •this purpose. 

Marking* Work and Keeping: Records.— All work executed by the 
scholars should be carefully marked, and such marks entered in a jlass* 
recoi'd. Proj>erly handled this has a wonderful effect upon the scholars. 
They try to gain good marks and are anxious to tak*e a good place in the 
class. 

A diary of the work done during every le.s.s(m should be kept, noting 
lessons taken and inserting general remarks upon each individual class. 
These records are a valuable guide to the teacher in arranging his work 
for the class, and are invaluable b) the inspector wlio wishes to analyse 
the work of a class in a thorough manner. 

Whenever possible the work should marked in the presence of the 
scholars in order that all erroi*s may be ix)inted out to them and a* kindly 
word of encouragement given for future eftbit. 

Aids to Discipline. — The most valuable aid to discipline lies in the 
careftil organization of woi*k by the teacher. 

There must be a definite but simple system of laws with which the 
scholars are early acquainted. These laws must l:>e constant and not subject 
to change according to the mood of the teacher. They must be impartially 
applied. 

All scholars should l>e kept constantly employed; nothing leads to poor 
discipline more quickly than “ having nothing to do • 

Orders must be simple and promptly executed, one at a time. They 
should not be repeated, or given in a loud tone. The teacher must be con- 
listent and just in all his dealings with the scholars. 

Exercise kindness combined with firmness. 

At no' time must scholars be allowed to become unduly familiar, yet 
hey must feel that in the teacher they have sonieone to whom they can 
ppeal for sympathy and {direction 

The expression of the teachers face is a valuable aid to ^isciplinei* A 
leasant look should reward right doing, whilst a stern look should be 
ifficient to check any wrong fA)tiop. * * ‘ ^ 

Use your voice as little as possible: with a well-traiped claf^s k look 
ill suffice. • . * • • * 

Any system of signals by means of* the bell ffhould be simple aftd definite, 
le foice should not accompany the bell. * 

Avoid noisy threatenings. U tha law be broken, call thf) particular 
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offender to order, do not blame the whole class for the offence of an individual. 

Where corporal pxinishment becomes necessary, the scholars must realize 
that the laws demand its use as a deterrent and that it is not administered 
* to ^’atify the persoi^l feeling of the teacher. 

Scholars Talking. — It is not advisable to insist cm perfect silence during 
the benchwork lesson. Provided the scholars do not become too noisy, tlie 
fact ■ that they are interchanging remarks concerning their work should be 
recognized; scholars often help one another to overcome little difficulties 
which may prolmbly have been overlcmked b}?^ the teacher. The interchange 
of ideas in this way, and the inspection of another boys work, often en- 
courage the weaker ones to renewed effort. 

Such talking, where permitted, must be under perfect control by the 
teacher. It should cease instantly when the bell rings, and it should be 
within the teacher’s power to withhold the privilege temporarily. 

On no account should scholai*s be allowed to leave their places for the 
purpose of holding a discussion with their companions. Such a pi‘oced,ure 
is indeed a sign of bad discipline. 

Corporal Punishment. — It is very rare that corporal punishment be- 
comes necessary in the manual-training class, yet scholars should realize 
that the teacher has the right to administer such should it become necessary 
to have recourse to the same as a deterrent in certain offences. The know- 
ledge that4he teacher possesses this power should be of greater service to 
the ieacher than the exercise of such jmwer. 

The exercise of corporal punishment is degi'ading in a measure to lx>th 
teacher and scholar, and the teacher who is constantly exercising this right 
soon forfeits the respect and goodwill of his scholars. Such a teacher 
cannot guide, lead, and control by the exercise of his pei-sonality, but secui'es 
so-called order as the outeorne of fear. 

Where corporal purpshment becomes essential, the teacher should ad- 
minister it in a cool, unimpassioned planner, •strictly conforming to the 
regulations defined by the Code under •which he works. 

^member, corporal punishment is your “big gun”; when it is fired, you 
liave ijbthing to fall*back upon. * , 

Actvantages .of Good Discipline. — It secures to soliolar and teacher 
alike the greaitest •amoupt of comfort and eiTables work to proceed in sa 
quiet, orderly manner whicTi is pleasant* to all, and none appreciate good 
discipline more than the cliildren themselves once the habit has been f^*med. 
Where good discipline exists the woiic proceeds with ease, and many* 
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lessons which would under other ’Oircuml^l^ceSf^ appear mere drudgery be- 
come the scholars’ pleasuiH^ ■ ^ ‘ _ 

It has a far-reaching effect on the l^turd of the children, and they become 
amenable to the more rigid discipline a][ commei^ol&l life^ 

Without its aid the intellectual developinihit of the child is seriously 
hampered. 


CHAPTER IV 

Drawing 

INSTRUMENTS AND THEIR USE 

Introduction. — The important bearing which drawing has upon all 
modern arts and crafts is now so well understood that for a boy to leave 
school without a knowledge of the subject is to handicap him heavily at 
the outset of his commercial career. 

The inclusion of drawing in a manual-training course should have for 
its ultimate object something more than teaching a boy merely to draw. 
It should develop his powers of observation, teach him to think and reason, 
make him careful and accurate, and train his sasthetic faculty. ^ 

The greater part of the drawing employed in the manual-training voom 
is of the type known as mechanical drawing, but it need not, and should 
not, be confined entirely to this branch. 

It will usually be found that boys enter the classroom with little or 
no knowledge of the principles underlying the production of such drawing, 
or of the use and method of manipulating the tools commonly used in its 
production. This being the case, it is the businei^ of the teacher to first 
explain the nature and method of^ using each drawing instillment as the 
necessity for its use arises. * ^ 

^Demonstrations in Drawing. — Scholars more readily underst^d a 
demonstration if it be given • under eij^tly similar conditions w those 
under which they are expected to work. The teacher should therefore, 
in addition to any drawing 'or ^sketch he may place upon <ihe blacklioard, 
also draw the exercise in the drawing book or on paper by the aid of 
drawing board and T-sqiiare, in just the same manner as the scholars will 
have to prepare their drawings. » Demonstrations of this kind are «of much 
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greater importance than any of blackboard work in making clear 

the correct principles underlyin^"^^ use of the drawing tools. 

Necessity for DpawinglS.--Whai. introducing the subject to a class it 
•shoijld be made quite cjear thai'all schmars must prepare their qwft drawings, 
which shall show all the dimciftsions of the object to be made/ tu orS^r that, 
as the work of making the object proceeds, it will be possible to obtain, 
as the necessity arises, the dimensions of any particular detail. 

MethSjPof Preparing such Drawings. —The drawings should on no 
account be mere copies from prepared drawings or diagrams. The teacher 
must take^ a wider view of the subject than that of producing mere 
copyists. 

In the early stages the drawing must be taught from a finished specimen 
of the object to be drawn. Such a specimen must be exhibited and the 
scholars* questioned concerning the details of shape, arrangement of parts, 
and dimensions, the scholars being allowed to measure the different dimension* 
as the work proceeds. From the information thus gained the teacher should 
prepare rough sketches, marking in the dimensions, and from these proceed 
to prepare a finished working drawing on the lines already laid down. Later, 
we shall give in detail the method of taking the lesson for the first exercise. 
This should serve as an illustration, and the principle can be followed in 
all future exercises, the teacher varying the detail of the lesson as the schdars 
acquire mone knowledge and skill. Later, the scholars should take a model, 
analyse it for themselves, make their own rough working sketches, and 
then proceed to execute the finished drawing. The preparation of rough 
working sketches introduces facilities for practice in freehand work. 

Drawing Tools Necessary. — Each scholar should be provided with the 
following drawing instruments. • 

Rule. — This should have on one edge inches subdivided into sixteenths 
ihroughout the entire length whilst on the other edge it should be subdivided 
into millimeters. Rules should be mapufacturSd from the finest-quality 
boxwood, whljph has been thoroughly well seasoned and is straight grained. ^ 
Chea^ rules are usually made of inferior-quality boxwood, and quickly 
warp, tjus making thbm useless fjr the.pK^uction of accurate work. 

SEf Squares. — The niost Suitable are those framed from Well-seasoned 
pearWood. The* vulganite ^et squares, whilst retaining their 8hap4 well, art 
apt to accttmulate dirt upon*the surface, which is easily transferred to the 
paper, thus making the drSwings dirty. • ^ 

Each^chplar will require two, i.e. one 6 in., 45®, and one 7 in., 60®. 
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Pencils. — £ac)i scholar should be provided with two pencils, an H or 
H H, for drawing, and ah H B or F, foi^ writing. 

For mechanical drawing it is usual to sharpen the 
pencil to a “ chisel point, as sljown in accompai\ying 
figure, thereby ensuring a clean sharp lino. Where 
young children are concerned there is a danger of such 
points being used “ broadside " on. It is often advis- 
able, therefore, to adopt the conical point in such cases, 
reserving the use of the “ chisel edge ” for senior classes 
only. 

Rubbers. — In the early stages it is not wise to dis- 
tribute rubber to each scholar. Should an error occur 
the scholars should caH the attention of the teacher to 
the mistake, who should make the necessary erasure. 
This plan serves to engender habits of carefulness and 
attention, and the teacher early finds out who are his 
weak scholars, and can give them any special attention 
required. Later, when correct habits have been formed, 
relied upon to execute their own erasures. 

Compasses. — These should be about 6 in. long. They should be strong 
and well jointed. It is advisable that they be of such a pattern that ordinary- 
sized pencils may be used. The smaller special compass peiecils are too 
apt to break, particularly where, as is often the case, the same compasses 
have to be used for both drawing and marking on wood. 

It is essential that the needle point be kept perfectly sharp. The com- 
pass is retained in position by means of the sharp point just gripping the 
surface of the paper. Blunts points will not grip the surface, and the scholar 
has perforce to drive the point of his compass into the paper, thus making 
an unsightly hole, which is a grave error. • , 

The pencil point shouM be k^pt sharp, a “chisel edge” may be used 
with safety in ^ this case. * ^ • 

• Drawing Boards and T-Squares, — For senior classes all scholars^should 
be provided with suitable drawftig toards'and T-squarSs. * 

The best drasving boards are those made of American yeUoAr pine, 
grooved on the back and jflrovided with hardwood ledges, ihe ledges being 
fixed by means of screws working ifi slotted trass plates, thus Allowing for 
exp^sion and contraction without the danger of splitting or alteration of 
• shape. • 
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The T-squareft should be of pearwood or mah^any. Those with taper 
.blades screwed to the stock arc best, the taper giving a larger surface 
pf contact with the stock, thus affording better fixing, and reducing the 
tendency for the angle* to- become altered should the instrument be carelessly 
handled. 

The most suitable size of drawing board and T-scjuare for manual- 
training purposes is the “ half-imperial 

Method of Using* the Drawing* Instruments: The Rule.— B y the 



Fig. 10 


time the scholars reach •th^ standard of admission to the woodwork class 
they should have received some training in the use and manipulation of 
the ruje and Mie principles of measuring. Should the soholafjB have received 
no suul^ instruction previously, it y^ill be necessary to explain the division 
marks .fin the rule, dealing first with the English standard — the yard — and 
its ^ubditisions, and later with th6 metric 8tjm<Jard— ^tlie metre — and its 
subdivisions. * * * • • V * 

Where the scholars ha,\e not previously taken a coarse of simple^ me- 
chanical drawing it is advisable that they use dl-awing hooks with rules 
and set Iqurfres rather than prcyeed al once to the use of the drawing board 
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and T^i^pire* The use pf the rule and set square as here described sei’ves 
as a ipcy valuable hand training in itself, and kislps to, engender habits of 
attention, carefulness, and accuracy; later, drawing boards and T-squaree 
may he ^introduced. 

Thus, in this section of the work the rule serves the dual purpose of 
measuring and drawing horizontal lines, i.e. those lines extending length- 
wise of the paper. All perpendicular lines, i.e. those at right angles to 

the horizontal lines, are 
drawn with the aid of the 
set squares, as explained 
later. 

When marking dimen- 
sions the rule should be 
held with the first and 
little fingers of the left 
hand, the head occupying 
a position immediately 
above the position of the 
mark tp made. The 
pencil should be held up- 
right, and the necessary 
. mark* made by just touch- 
ing th^ 'paper witfe the 
poiat of the pencil (See 
fig. 10.) 

Using the Set 
Squares. — As already ex- 
plained, the set squares 
* ^re used for enabling us 
to draw perpendicular lines. They are also useful for enabling lines to be 
drawn parallel to any given oblique line, and for constructii% angles such 
as^^hose found in the set sqiugres themselves, or which can be obtflned by 
combinations of those angles. * ' 

Erecting Perpendiculars. — Having marked the position of the«pr- 
jpendicular, the ruler should be^ arranged alenj^ the horizontal biiee *Hne 
and ^eld with the first and little fingers as already described. This^rvas 
as a foundation edge aldng which the set square can be move<^ set 
square is tten slid into position^ by the right hand. Having carefully oi* 
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justed the poeiUon of the set square, it held firmly 
of the two finger|^of the left hand, and tfie ” 

^in fig. 11. 

Oblique Lines. — When it is necessary to draw a number of lii 
to any given oblique line, the 
work can conveniently be accom- 
plished by first placing one edge 
of the set square, as A B in fig. 12, 
to the given line M N, then adjust- 
ing the ruler to one of the ad- 
jacent edges of the set square, as 
BC. By sliding the set square 
along tjie edge of the ruler indi- 
cated by the arrow, any number 
of parallel lines can be drawn. 

Obtaining Various Angles. 

— The angles usually found in set 
squares are 90°, 46°, 60°, 30°. It 
is possible to obtain other angles 

by corabinatioiM of those already given, as will be seen in fig. 13, which 
shows the method of o^taii^ng angles of 105°, 75°, and 15°. 



Fig. 18 




• . • Fig. la 4 , 

MEfHOD OF Settinq THE CoiiPAss.-.-Wl»en compasses, have to 
thejj ^ould first be opened to a distance greater than th« ^uired^ radius, 
and'cwefully itet by a dosipg procesa ,* * \ * 

^tosfO tHb OoMPASSBS^They .sh<ftild*bo held at the top by ine|nS of 
and first finger of the right hand (aB«8houtft hi’flg. 14). Held ^ 
iiA%us •way the compass can be swept ^und the entire cWle in either ' 
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Klg. 14 


direction witl|^|||^h||||l^ the , 
position of tli& ii^B. ' The com- 
pass should slope slightly in the 
direction ^ of advance. Many 
draughtsmen now advocate the 
use of the left hand for compass 
work, thus to some extent re- 
lieving the right hand and also 
enabling it to retain its hold on 
the pencil in readiness for fur- 
ther use — a doubtful advantage, 
though it is recommended os a 
time-saving arrangemei\J/. 

Using Drawing Boards and 
T-Squares. — One great draw- 
back connected with the use of 


drawing boards and T-squares 
in manual-training centres arises 
from the fact that it is seldom 


possible to complete a drawing 
in one lesson. The drawings have, therefore, to be removed from the boards 
at the close of each lesson, in order that the boards may l)e usGd by other 

scholars. This plan has 


mai]|y disadvantages. Once 
the paper is arranged on 
the board it should not be 
removed until the drawing 
is completed. For this 
* treason it is recommended 
that the use of drawing 
boards bo ceserveij for 
senior scholai*8 only. , 
Adjusting the Paper. 
— When fixing the^paper 
6o the«boatd, care must be 
taken to ensure that the 
long edges are at right 
angles to the working edge 
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of the ie done by first loosely fixing the top left comer of the 

|)aper in means of a pin, as at A in figure, and then rogulating 

the edge of the*^^ paper by means of the T-square. When in the correct position 
^he top i-ight-hand corner may be pinned to the board. The paper should 
bo dfawn as tight as possible and the remaining comers pinned (fig. 15). 

The best method of fixing the paper to the drawing board is to first 
slightly damp the tinder surface of the paper in order that it may be 
stretched, then to glue all the outer edges to the board. When dry it will 



Fig. w 


Ikj found that the pa|X5r is exceedingly tight, aiyl lies evenly on the Iwai’d; 
the absence of pins is a gi*eat advantage. Whilst this is the best method 
it will easily be seen that it^ could not conveniently be adopted for manual- 
training classes. * • 

U^ING THE T-S(21;are. — The T-s<]uar(f is^ manipulated by means of tlie 
left lumd and* always from the left edge of the board. The stock shouJd 
be kept»tight against ihe edge of iihe boarA By sliding the T-scpiare up 
and down the board it is possible to draw parallel horizoptal lines in any 
desired* petition (fig. 16). As already exidained, perpendicular and oblique^ 
lines should* be (Irawn by Ihcf aid of t^e sgt stiuaro. 

Use of Indiauubber. — if the drawings are carefully executed, rnffbers 

are seldom required. They should be lightly used and always iiv one direc- • 
(0 6161 • • 4 



!^C07'SS 


84 SCIENTIFIC PRINCIPLES 

tioii. Heavy rubbing or rubbing backward and forward damages the surface 
skin of the paper and spoils the drawing. 

Plottino Out and Lining In. — All work should be carefully plotted 
out by means of exceedingly fine lines. When the details are finished all 
unnecessary lines should be erased and the drawing finished by going fcaro- 
fully over all lines and making a clear firm fine line. 

When necessary to show hidden 
details this should bo done by 
means of dotted lines. The follow- 
ing are the systems of lines adoplM 
for mechanical drawing (fig. 17). 

Types of Lines to be Aix>pted.— 

A. Plotting out. 

B. For representing edges in 
light. 

0. For representing edges in ^ 
shadow. 

D. Hidden details and projectors, 
ng. 17 K Dimension lines. 

F. Centro lines. 

Writing. — All drawings should be fully detailed. These details should 
be written, not lettered. Lettering requires considerable tirae^ and unless 
time permits of its being carefully executed it had better be left un(|(;ihe. 

It is better that manual-training scholars should be made to write all the 
necessary detail, leaving printing for the technical scholars. All writing 
should bo carefully executed. 



. CHAPTER V * • 

Principles of Projection 

Orthographic Projection.— Most of ftie drawings prepared in the manual- 
straining classroom consist »f plans, elevations, and sections when necessary. 
The preparation of the drawings uivolves a^ knowledge of th^ principles 
of dHhographic projection. It is not advisabk to enter into an elaborate 
explanation of these principles with beginners. At the outset they should 
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be taught on the principle that they are preparing a picture or view of 
various surfaces of the particular model to be ihade, such pictures being 
* sufficient to enable them to obtain an idea of the shape and arrangements 
*of the various parts, .and also to obtain the dimensions of any portion of 
the work. This method will bo demonstrated in the examples on page 46 
and onwards. 

The Dihedral Angles* — When considering orthographic projection it is 
always assumed that the object to be projected stands in one of the angles 
^mied by two planes which intersect each other at right angles, as in fig. 18. 
'^he planes are considered to be in- 
finite, i.e. unlimited in area. It will 
be seen that each angle is formed 
by the intersection of the faces of 
two planes, hence the term “di- 
liodral ”, which means “ two-faced ”. 

The angles are numbered respec- 
tively 1, 2, 3, 4, as shown in fig, 18. 

Simple projection treats of points, 
lines, planes, or solids in the first 
dihedral angle. All problems 
treated in this work will therefore 
b^^ijfined* to this angle, and for 
ft^er details concerning the other 
angles readers must prefer to ad- 
vanced-works on geometry. 

Analysis of the Model.— All 
models consist of a number of surfaces. The adjacent surfaces intersect in 
edges; the edges intersect at the comers. 

In the drawing all edgesmre represented by lines, the lines having definite 
lengths according to the edges which tjiey repfesent. The extremities of 
the lines are^points, which points thus represent the corners of the object. 
Reasciping thus we have first to consider the projections of points in Che 
dihedral angle, and once the prin<$ple is understood little difficulty should 
be ex^rienced m connection with the lines, planes, and Solids. 

A>ojections*of PolntSi— ^ model of the dihedral angle should be pre* 
pared by hinging two pieces of wodd ot cardboard together, pref^ably 
with blackened surfaces in order that chalks may *1)6 used for marking the 
surfaces ^g.*19). 
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Each plane inuat bo named as in sketch shown in fig. 19, the joint X X 
representing the ground line. Such a model will enable the various examples 
to be presented to the class in a form which they will readily understand. 

Example . — Take a fairly large white marble or #bead to illustrate, the 
point. Place it in various positions, as indicated in fig. 20, using knitting 
needles or pieces of wood to illustrate the projectors to the planes. 

When the jxiint A rests on the H.P., move the marble in various 
positions, calling attention to the fact that whilst the marble remains on 
the H.P. the picture of it on the V.P. must always rest on the line of 

intersection between the two planes. 
The position of the point will be 
defined by stating that it rests upon 
the H.P. and at a certain distance from 
the V.P. 

Explain. — (a) The picture projected 
upon the H.P. is called a Plan. 

(6) The picture projected upon the 
V.P. is called an Elevation. 

(c) The pictures are obtained by carry- 
ing projectors from all points in the object 
to the various planer, such projectors be- 
ing always at right angles to the plane 
on which the picture is being drawn, this 
surface being knpwn as the Plane of 
Projection. 

Give further demonstrations of the various positions which a point may 
occupy, and question the doss meanwhile concerning its position relative 
to the planes. Call upon one of the scholai’s to come forward and hold 
the point in any given jx)sition. ‘ c 

(«) On the H.P. 3 in. frotn V.P. 

(6) On the V.P. 4 in. from II. P. 

(e) 4 in. from H.P. aud V.P. ^ 

(</) 3 in. from H.P. and 2 in. frt>m V.P, 

Note. — Fig. 20 shows the point in these positions. 

\yhen the scholar has placed the point in the desired position, question 
the class concerning the position which the plan and elevation will 
occupy with respect to the line of intersection between the planes.'^ Having 


I ! P 
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mastered these positions and marked the plan and elevation upon their 
respective planes, turn the V.P. down about its liinpje line so that it lies 
flat or in the same plane, as the H.P. Draw a chalk line along the hinge 
line.* • 

The teacher must now explain that when preparing plans and elevations 
of objects the draughtsman has to take an imaginary position above the 

Fig. 20 Fig. 21 



Figs. 20-81 (above) • * Fig. 22 ^ Fig 20 


object^in order that he may look down upon* it and make a drawing of what 
is seei^j^r known to be there in order to obtain a plan. For the elevation 
he tnusi^ take an.. imaginary positior* in front of the object, and imagine that 
all poipts^are projected back at right angles on the v^ertical plane. If other 
views, such as eftd of side tle^ations, are reijuirefl, then the i>osition occupier^ 
must be such that it will ;^ield the desired view. , 

When drawing an object it would be inconvenient to have the paper 
folded like tlie model used for illustrating Ihe principle. The dfaughtsman 
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therefore leaves his papej* flat and draws a line across it which he calls 
the “ground line", and which represents the hinge line which is marked 
in chalk upon the model, and separates the two planes, i.e. V.P. and H.P. 
The picture below the line is called the “plan", whilst the picture above 
the line is called the “ elevation ”, It is often usual not to draw this ground 
line but simply to imagine its position, for the following reason. When 
drawing objects it is usual to imagine that they rest upon the H.P., and as 
already seen, under these conditions the “elevation” will rest upon the 
“ground line". The lower line of the “elevation” therefore occupies a posi- 
tion in keeping with such “ ground line ", Any space between the plan and 
elevation may be taken to represent the dis^nce of the object from the 
V.P. These points can be further dealt with as the positions of lines, planes, 
and solids are demonstrated. Fig. 21 shows the orthographic projections of 
the points shown on the previous figure. 

Prqlection of Lines. — When the teacher is satisfied that the schoU^i^ 
have a fair working idea concerning the projections of a point in spacer 
the next step is to treat a line in a similar manner. Use a pencil 
piece of stick, preferably painted white, for the demonstration, and with^ 
a small white 1^11 ^t each end to represent tenninal points. Have ready 
the model of the dihedral angle as before. Lay the line on the H.P.; question 
class concerning the position of the points, i.e. their distance from the V.P., 
their distance from one another, the position which the elevation Vill occupy. 
Lift the line vertically upwards and again question. Vary the position, and 
question. Hold the line in a^ inclined position, and call attention to the 
foreshortening of either the plan or elevation according to the particular 
plane to which the line happens to be inclined. 

Note. — The question of fines inclined to both planes of projectibi^ whilst 
being casually mentioned, should not be in any way exhaustively treated 
at this stage. The necessi^ry construction required ^ to obtain the true length 
o^ such lines, involving as it doe^ the introduction of a third plane, can 
follow when the more simple principles have been mastered. fFig. 22, shows 
the model with a line in the following positions. ^ 

(a) 3 in. from V.P. and resting on H.R 

(b) 2 in. from V.P., perpendicular to H.P., and 1 in. above it. 

(<?) Perpendicular to V.P., 1 im above H.P., and®2 in. ih frdnt of V.P* 

(63) Parallel to H.P. and V.P., % in. in front of.V.P., and 1 in. ateve H.P. 

Fig. 23, shows the projections of such lines as they would appear on a 
sheet of paper. ‘ • 
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Fig. 24 shows the model with lines variously inclined to the planes of 
. projectioa 

, (a) Line AB inclined 45® to V.P., parallel to H.P. and 1 in. above it. 

A iin. in front of V*P. 

(6) Line A B inclined 45® to H.P., parallel to V.P. and 3 in. in front of 
V.P. A is 1 in. above I}.P. 

Fig. 26 shows the projections of lines occupying these positions as they 
would appear on paper. 


' ... 
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When dealing with the projections of lines, first deal only with the points 
represeiiting their extremities, and, having settle the projections of these, 
the line joining the points may then be drawn. 

Having dealt with the projections of lines, surfaces may now be treated 
in a similar manner. Cut out several piteces of paper rectangular in form- 
Call aitention^to the fact that all edges must be represented by linear a^d 
that tlii edges terminating in coiTjers will Jbe represented by points, the 
which will depend upotf the lengths of the various edges of the 
m«^ * Hoceed to deal with the projection of .each comer individually as 
for projecting {fointS; havings determined their position on each plane the* 
necessary lines representing® the edges of tfie figure may be drawn. Tphese 
principles will be readily understood by reference to fig. 20. 

At A^s [Shown a rectangular pland 8 in. by 2 in. It is parallel to and 
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2J in. above the II.P,, whilst the back ed^e is parallel to and 2 in. from 
the V.P. At B is shown a rectangular plane 3 in. by 2 in. It is parallel to 

and 4 in. from the V.P.; the 

lower edge is parallel to« and 
1 in. above the H.P, 

Other positions should be 
demonstrated, and the scholars 
questioned concerning the posi- 
tion of the plan and elevation 
relative to the ground line. 

The planes of projection 
should \>e turned down so as to 
lie in the same plane, „and the 
relative position of each view 
pointed out, as was done in 
previous examples. These are 
shown in fig. 27. It now only 
remains to deal with the projec- 
tion of a solid body. For this 
purpose take a i*ectangular slab 
of wood about 5 in. by 2 jp. by 
Attention should be called to the shape of each suifact^ the nature 
of the edges, and their relative posi- 
tions. 

Holding the model in position in the 
dihedral angle, os indicated in fig. 2S, pro- 
ceed to deal with the projection of the 
plan as was done when projecting tbe 
rectangular planes in the last example; 
Next deal with the elevation; having 
projected the points representiijiji the 
corners, join the points, thus cojp^pleting 
the two views required. Thess^ details 
will readily be understood reference 
to fig. 28, )vh»?h sIjgws i^he block in the 
‘ following poj^ition: A large tace parallel 
the edge parallel to and 5 in in front of 



Fig. 20 


I in. 



KIr 27 


to ami 2 in. above thec'H.P.; 
the V.P. ' 
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Fig. 29 shows the orthographic projectioji gf^the solid in the described 
position. 

Other forms may be dealt with, also examples in which the object rests 
up«n the H.P. One •example should serve to complete this section. 

Fig. 30 shows the projection of a rectangular box made out of J-in. 
material. In order to show the construction of the box an end elevation 
is necessary. For this purpose a second vertical plane must be intro<]uced, 
standing at right angles to the fii-st. Reference to the figure and a 



FIr. 28 ^ Fig. 2P 


knowledge of the preceding principles .should enable the flcholaM readil}’ 
to understand the requirefncnts of this case. Call attention to the fact 
H the box be lowere<l upon the JS.P. it will in no way change the 
deWlJjS df tl^ plan or elevation. The plah will occupy the same position, 
but elevation, whilst remaining the same in detail, will move down 
upod^the jground line, and, as alrixdy explained, it is usual to assume that 
ohj^te 6c|i|py such a position on the H.P. when dealing with their pVojection 
for manual-training purposes^ ' • 

Isomefrio Prcjectlon.-— -The main* difficulty which beginners exp^y'ience 
when dealing with the orthographic projections of solids is tliat of forming 
a mental picture of the solid as it •reaiy appears from the various views * 
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presented. This difficulty 
is to a great extent over- 
come by the use of iso- 
metric projection, which, 
whilst it is a true projec- 
tion of the object, yet com- 
bines in one view three 
faces of the object, thus 
giving a pictorial effect to 
the projection. 

Such projections often 
have a distorted appear- 
ance, because the edges daiR 
not appear to vanish as im 
model or perspective draw- 
ing. It is only necessary 
to state that an isometric 
projection is a true projec- 
tion just as in the case of 
orthographic proje<^on; ‘ 
therefore edges which are 
parallel in the object will 
be represent^ by parallel lines on the plane of projection. This will be 

better understood when referring later to 
the principles underlying such projectipa 
It will further be seen that this form 
of projection lends itself more readily to 
rectilinear objects, though objects having 
curvefl outlines cftn also be similarly pro- 
jected, as will be seen from the examples 
which are given. o o 

Th^ basis of th^s form of pr<^ction 
lies in ^ the fact that any object halving 
a rectangular form is so arranged that 
^ three of its <^ges forftiin^ a solid right- 
• angled comer tare equally inclined to the 

, plane of prqjectiqp. All ^ints in the object are then projected on to the 
^ plane of projection, just as in the casfe of orthographic projecting. Hence 
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Fig. *1 




PRINCIPLES OF' PROJECTION 


43 


' when the drawing is complete a view is obtained of three surfaces of the 
* . object. Such a view, whilst being pictorial in character, does not give a true 
, representation of the shape of each surface of the object as in an ortho- 
graphic projection. • 

Another difficulty arises from the fact that, owing to the edges being in- 
i, dined to the plane of projection, there is considerable foreshortening of the 
'real lengths, and if the projections are to be true to scale it becomes necessaiy 
to ascertain the correct ratio existing between the actual lengtli and the fore- 
shortened length. 

This ratio will be found to be as ^3 to which ratio is shown in 
fig, 31. If natural lengths be marked along the edge A B, and perpendiculai’s 
let fall on AC, these lengths are the isometric equivalents. Hence an iso- 
metric ^Kiiale can be constructed. The use of such a scale is unnecessary for 
ttianual-training purposes, for it will readily be seen that any natural scale 
can be used provided always that the scale is stated, and that scale used 
for ascertaining dimensions when the object drawn is to be made. For 

further details concerning 
the proof of the above ratio, 
readers are referred to ad- 
vanced works on geometry. 


, '7 
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liaiutri#?ro)eotl«i of^odd ElaviUon of the4fodel • 

• • 

Teaching the Principles.— For this purpose the teacher should provide , 
himself *with a model as shown in* fig. §2. It consists of a wood base 
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liaving a glass screen let into one end. Beliind this screen, and supported 
on a knitting needle, is a cuIm). It will be seen that the knitting needle 

passes through the diagonal 
of the solid; hence, if Jthe 
needle stands perpendicular 
to the plane (wood base), 
the edges of the cube will 
be equally inclined to that 
plane. Having prepared 
the incxlel in this manner, 
a projection can now be 
made on the glass screeiii 
the lines being drawn with 
a piece of soap. First 
mark the position of point 
A, then proceed to project 
corners BDE and join to A. 
Next project the corners 
F H C, joining the various 
points as shown, thus com- 
pleting the projection of the edges. A complete view of the cube is thus 
obtained, showing three of its faces. The edges AB, A D, and AE t^Jich bound 
similar angles, i.o. right angles, and these angles, as already explained, are 

equally inclined to th^ plane of pi'ojection. 
Therefore their projections are equal; that is, 
the angle contained at the centre by each pair 
is e<jual. Now the sum of these angles must 
be 360®; therefore the angles, being equal, 
each must contain ]£0®, and these angles are 
constant for all rectangular bodies. 

Note. — Fig. 33 shows a metfeod of d^on- 
strating to the class the fact that oqua^ngles 
equally iiijlined have equal projections Take 
three set squares and incline them equally, 
make projections as shown, aad measure the 
contained angles. Mastery of this principle affords the key to ail isometric 
projection. <* 

The three edges meeting in' the centre point, and enclosing angles of 
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120'', are known as the “ isometric axes The point of intersection is called 
the “ regulating point ”, shown in fig. 34. * 

If a linh be drawn at right angles to any axis, then the remaining axes 
inunt make angles of# 30“ with such a line. 

This fact proves of great convenience, for 
it enables a base line to be drawn, as in 
Hg. 35, on which can be marked the R.P., 
and the axes drawn as shown by the aid of 
a fiO'’ set square. Along these axes the main 
dimensions of the solid are measured, and 
the view completed by drawing lines parallel 
to the respective axes. 

Objects which are not rectangular in form must have an imaginary 
rectangular framework constructed about them, in order that the necessary 




• • Fig. 30» ^ ’ Fig. 87 

• • 


^ • * 

dimensions may be determined in the isometric view. It must be clearly 

borne iif mmd that all dimensions insist b^ measured either on* the axes or 
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on lines parallel to the axes. This will be 
to the examples which follow. 

Fig. 36 shows a rectangular prism 
having its faces equally inclined to both 



refwiily understood by reference 



Fig. 88 


Fig. 38 


planes of projection. Fig. 37, which is an orthographic projection of the 
solid so placed, shows that each view is an isometric projection. 



, Fig. 38 shows the orthographic projections of, a rectangular solid, and 
fig. 39 its isometric projections. 

F%. 40 is a. portion of th^ first exercise in orthographic projection, and 
fig. 41 its isometric projection. * 
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Fig. 42 is the orthogra- 
phic projection of the work 
• in Course I, Exercise II 
•(p. 246), whilst fig. 43 is 
its ironietrio projection* and 
shows the method to em- 
ploy when dealing with 
the removal of comers. 

Figs. 44 and 45 afford 
a further example in treat- 
ing of objecta the comers of 
which have been removed. 

Fig. 46 is the ortho- 
graphicf projection of one end 
of the keyboard, and fig. 47 
its isometric projwtion. Such 
an example must be treated 
as if it were rectangular, then 
the corners removed, finally 
placing on the chamfer lines. 

Note. — In the foregoing 
exercises t^e holes have not 
been taken into consideration; 
l^ing small, they do not lend 
themselves so readily for 
teaching the principles in- 
volved as do the succeeding 
exercises. 

Pigs, 48 and 49 indica^ 
the method of treating pris- 
uiatijg and cylindrical bodies. 
In order to^^dbtain the iso- 
meiiiV^view of the circle it 
must be enclosed in a square 
and • the ^diagonals and dia- 
meters draevn. * Through Ihe^ 
point of intersection made by 
the dia^nals and the circle 
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Fig. 49 







49 


scores 



(0 510) 
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Fig. 68 
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Fig. 64 


Figs. 50 and 51 show the method 
of dealing with curved surfacea a, b, 
dt e, ft g in fig. 50 are ordinates. 
Ttiese are drawn in the same relative 




Fig. £6 


position in the isometric view, and 
the lengths of each transferred from 
the orthographic projection to the 
isometric projection and the curve 
traced through the points. 

Figs. 52 and 5.3 are further ex- 
amples of the use of ordinates. 

Figs. 54 and 65 show the method 
of treating the trefoil in 52-63. 

Fig. •56» represents the isometric 
projection of the end of the roller 
shown in fig. 67. Though compttcated 
in appearance all the prinq^es in- 
volved have ^ready been dealt with. 
When dealing with such an«exercise it 
is advj^ble to Ih-st proceed with the 
roctangiyar frame forming the back, 
afterwa^s adding details of the sup- 
port and roller. 


Fig. 66 
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CHAPl’ER VI * 

‘CJrowth of Trees 

if 0TB. — The subject has been treated after the manner of “ Notes ^of 
a LeMn with Blackboard Summa^-y ”, Thfe method has been adopted to 
give sofne idea of the method of* treating the subject, and teachers will 
select only so much of the matter and blackboard summary as will serve 
for any or^e lesson.* This* nate also a^pli^ to following chapters, dealing 
with; Reasoning; Shrinkage; Transverse Section of a Tree; CheSnical 
Structure, &c. ^ * 

Befofe can thoroughly understand the nature of the wo<xl obtained 
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from trees it is necessary that we should know something^ about the 
process of growth. 



Fig. 59 


Parts of Growing Trees. — Yoii f.re all familiar with grow- 
ing trees. Can you name the different parts? These will 
bo given in varying order but can Ije arranged as follows; 
(n) rook, (b) stem, (c) branches, (d) leaves, (e) flowers, (J) 
fruit. 

Let us start from the fruit, and let us take an acorn for 
our example. • 

Oerminatioa. — [Exhibit an acorn.] What kind of tree 
yields aconw? If this acorn were placed in tl^e ground, ‘Hinder 
favourable conditions, what do you expect would happen? 
What do you think cthis seed needs to enable it f^^erow? 
Soil, water, warmth.** Having planted it, what v'Vi^ila you 
expect to find after a few days or weeks? Where doiw the 
little shoot come from? Let m open this acorn and see what 
it contains. • ' 


NoTE.-;-If the ocom* be so^ed for a time in water, and germination 
started, it will aid the lesson. 
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Embryo Root and Leaves. — Notice that the Heed splits into halves 
Point to embryo leaves and root. Explain: What they are; what they 
will develop into; where they get their food supply from. 

tfie of Cotyledons.— The seed lobes, ** dicotyledons ”, contain the neces- 
sary food material to enable the plant under favourable conditions to throw up its 
leaf shoot and throw down its rootlets (fig, 61, A and B). Having done this, the 
seed lobes are of no further use, and each part of the miniature tree performs its 
own duty. 

Here, then, is a young oak tree. What a tiny mite! Is it possible that it can 
ever become the “ Monarch of the Forest ”, as ojik trees are often called ? Let us 



Fig eo • Fig. 61 Fig 62 


tiy to find out how this happens, [Make the accompanying sketches (figs. 61, 62) 
on the blackboard,] • 

Roots and their Functions. — Examine the sketch on the blacklx)ard. What is 
the name of the part which i8*,buried in the ground? What is the upright part B 
called? What is C? Whal happens to the plants imyour garden if no rain falls 
and you forget to water them? What do yftu do? Will it do to place the water 
at ormear the i*oot, and not over the top? Whkt happens to the leaves when you 
water the roots? How does the water get from the roots to the leaves? You have 
many T^es pulled up a* growing plaift, and no •doubt you have noticed how the 
roots have spread out. Why do they spread so far? Do ygu think the plant 
could* liye*on water alone? When you wish to makn a plant thrive, what do you 
do to the soil? •WhUt do lingers do to their fields? Why? But how can the 
manure get?from the soil into the tree? * * . 

Root Food in Soluble Forfti. — What happens to sugar if you pour water upon 
it? Wel^ instead of saying it melts, we say»that it dissolves. When we have 
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made such a sugary syrup we say that the sugar is in a soluble form. Now this 
is the form in which plants take most of their food. The water which falls as 
rain, or is poured on the earth, passes down, and as it does so “dissolves” various 
mineral substances which are present in the earth. This mixture forms the food 
of the tree. The roots take in this “ liquid food ”, and it ^ passed from the i^ts 
up the stem and out to the leaves. 

Asoendi^ Sap ohanget its Form. — Though the roots have taken in this “food 
material ”, it is not j'et ready for building up the wood of the tree. It is very 
much like the flour, butter, sugar, eggs, currants, &c., which your mother has 
ill the larder ready for making a cake, but whilst in this form it is “not cake”. 
It has to be specially treated first. Let us find out how the food ingredients in 
the tree are treated. 

Evaporation from Leavea — The leaves, as you know, are exposed to the sun, 
and we have already observed what haj^ns when no rain falls or the plants are 
not watered. What is taking place? Where is the water coming from? What 
causes the water to flow up the tree? “Evaporation.” That is partly the reason; 
in later lessons it will be explained how the roots actually help by “ forcfhg ” the 
water up; and, further, it is yet a problem how the water passes to the top of the 
highest trees. You boys might try to discover the reason and so become famous. 

Leaves Breathe. — Notice what happens when this leaf is placed in water. 
Where did those bubbles of air come from? Now, strange as it seems, these 
leaves “breathe” very much as wo do. There arc small openings in the leaves 
which serve m mouths, and they take in air. 

Carbon extracted from the Air. — A substance, called carbon, is extracted from 
this air, which mixes with the other food material that has risen from the roots. 
Owing to the influence of the sun the whole mixture is now converted into suitable 
food for the plant. Just as when mother has mixed all the ingredients and baked 
the cake it is ready to be eaten. 

Carbon Insoluble in Water. — Carbon is not soluble in water, hence none passes 
to the tree by means of the roots. All the carbon the tree requires it must obtain 
from the atmosphere by means of the leaves. You will be surprised to learn that 
practically the whole of the solid part of a tree consists of carbon. 

Experiment . — A very useful experiment can here be carried out, should 
time permit. If not, prepare it beforehand apd ^briefly explain how you 
obtained the specimen. 

Take two pieces of wood of .uniform size, weigh them, and note weights. 
Tlforonghly dry one, weigh again, and note decrease due to loss of water. 
Place dry piece in a retort, and drive off* all gases Aad reduce speq^ifi’en to 
carbon. Weigh again, and note loss due to decomposition, loss of gases 
and essential oils, &c. „ „ ,, • 

Compare weight and bulk of carbon with previous specimen. If this 
experiment is carefully j>erformed, and the distillate collected as the ex- 
periment proceeds, the three stages can be preserved in bottles, (a) a 
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* piece of wood; (6) the water and essential oils; (c) the residue, mainly 
carbon* 

Diitribution of Prepared Food.— Most of the water which served the purpose 
*of dissolving the mineral substances in the earth, and carrying them up the tree, 
now* evaporates, and th^ food is ready for distribution to build up the body of the 
tree. But how is this done? The changes which take place do so mainly in the 
upper surface of each leaf, the part upon which the sun shines. The food material 
then passes to the under side of the leaf, travels along certain channels down the 
leaf stalk, down the branches and stems, passing to all parts, including the roots, 
feeding the tree in its course and enabling it to grow'. 

Cambium Layer. — But where is it growing; does it merely become taller? Docs 
it not also become bigger? How' is this? Let us examine this little branch. Scrape 
away some of the bark. Do you notice this slimy layer? Well, that is what we 
will call “the growing layer”; its real name is “civmDium layer”; it is composed 
of living cells which, when growth is active, are constantly splitting up and forming 
more ceils, some of which are added to the woody inner parts of the tree, and 
some to the outer parts, which most of vou know as the bark. You will see that 
this growing layer is situated between the “ wood ” and the “ bark 

Bast Fibres. — How is the food to reach this layer? The food travels to all 

C rts of the tree by means of a layer of “ fibres ” composing the inner parts of the 
rk, called the “bast fibres”. 

Period of Growth. — Are le^ivos always to be found on the tree? When do 
they begin to burst out? When do they drop off? Do you think that growth is 
actively taking place when there are no leaves on the tree? Is the tree “dead” 
just because there are no le^lves on it? What is the tree doing during this leafless 
period? Wbat do you suppose will have hapiiened to the tree during the period 
between the time when the letivos first formeci and when they faded and dropped 
off? Yes, every pait of our tree has been covered with a layer of wood. \\^at 
will happen to the tree during the next season’s growth? Hence you see, year by 
year, a new layer of wood is formed over every part of the tree. The tree grows 
taller, the branches become longer and bigger, and the roots also become larger 
and spread farther under the soil. 

Ascent of Sap. — We have followed the path of the returning sap, but we have 
not yet found out which part of the tree it rises through. You have cut a young 
branch from a tree. Was ^he*wood dry? Whore did the water come from which 
was in the branch? Where was it going? Well, that illustrates what is taking 
place^in the mam body of the tree. The ‘"^sap^” rises up through the wood com- 
posing the mam trunk of the tree, and returns, "as we have already seen, by means 
of th^^iner layer of bark. 

Sapigood and H^artwood. — Here } a sectioA of a much older tree; you will 
notice thi^ there is a difference in colour between the inner and the outer part of 
the ttOB, You do not understand this. When the tree is young tb^ sap rises 
through the whefle of^the w^ (composing the stem, but as the tree becomes older 
and larger, the sap rises mair^v through tne outer portion of the stem,, this lighter 
part in our specimen, hence this outer part is called •the “sapwood", whilst the 
inner paj;t, farming the heart, is called the “beartwood”. If you test them with ' 
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yolir finger nail you will discover something. What is it? Why tbo change? Let 
us find out. 

Heartwood and Supporting Column.— Do you often hear of trees being blown 
down when the wind blows? You have been out in a wind storm and know that 
it is difficult to keep your feet; now think of some of tl\e large trees you Htiow 
of. Why are they not blown down? Why are they not broken off? Yes, it is 
because they are strong, and nature has so beautifully arranged their method 
of growth that they get the greatest amount of strength just where they are 
most likely to break. Where is this? What is the size of the stem at the top? 
Now this central column of “ heartwood servos merely to strengthen the tree 
and enable it to carry the huge head of foliage which wo all so much love to see, 
arnl which is necessary to enable it to provide enough material to supply all its 
many parts. 

Heartwood not Essential to Growth. — Would the tree die if the heartwood 
were destroyed? Have you never seen a “hollow tree” which is continuing to 
grow? What is likely to happen to such a tree when the wind storms come? You 
probably have heard a person say, when speaking of a tree that has beefi blown 
down: “It was rotten at the heart”. Why is this? 

Period of Life. — Tree.s, like human beings, have a definite period of life, and 
when they have reacheil a certain ago they begin to fmle and die. They may take 
years to die. 

The cambium becomes less active, the heart commences to decay, and the tree 
is likely to be attackeil by many diseases, just as human beings are. 

Time for Felling. — If the tree is to be used for commercial purposes it must 
bo cut down as it is reaching its prime, and before it commences to decay. 

Some trees are fully grown in fifty years, othei^s in a hundred, whilst some go 

on for many hundreds, as is the case with our Monarch of the Forest — the Oak. 

BLACKBOARD SUMMARY 

GROWTH OF TREES 

Parti of Tree. — Root. Stem. Branches. Leaves. Flowers. Fruit. 

Germination. — Warmth and moisture cause seeds to throw out tiny roots and 
growing buds. ( Root = Radicles. Bud = Plumuh\) , 

Co^ledoni. — The seed lobes • (Dicotyledons = two lobes) contain food supply for 
germinating root and stem. ^ 

Fopotion of Boota — Gather necessary food for the tree. Food in a liquid form. 

The Leaves. — -Sap rises to the leaves. Sun causes evaporation, Ab^^*b air. 

Extract carbon from air. Chemical cl^nges take place. Sap elements con- 

verted into food for the tree. Main bulk of tree consists of carbon. 
Diitribution of Prepared Food. — Returns from leaves to twigs and branches^ passes 
to stem and roots, supplying all pajrts with fcyxl.^ 

Cambium Layer. — I.(payer of living cells immediately,^ beneath bark. C^lls split up 
and form wood cells acid bark cells. 

Bast Fibres.*— Fibres comprising portion of inner bark. Sap carriers. 
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Period of Growth. — Conimences in Spring. Most active during Summer. Activity 
ceases in Autumn. fVinier a period of rest. 

Afoending Sap.— Rises through the “ Sapwood ” = outer part of tree. 

•Sapwood and Heartwood. — Sap wood = outer portion — fairly soft. Heart wood = 
•inner portion — harder than sapwood. 

Heartwood. — Supports tree in soil. Supports heavy load of branches and foliage. 
Period of Life. — Varies in different trees. 

Felling. — If required for commercial purposes they must be cut as they arrive at 
inatuniy. 


CHAPTER VI 1 

, The Transverse Section of a Tree 

Required fc/)* tJie Lesson, — Tran.sverso section of oak. 

The Transverse Cut. — Exhibit a transverse section of a tree to the class — 
preferably one in which the characteristic parts ore clearly delined, as in oak 
and pine. Question concerning kind of material. From wliat is wood 
obtained? How has the tree been cut in order to yield a. piece like this? 
(I’eferring to transvei*se section). Such a cut is called a “transverse*' cut. 
Explain the meaning of the word “ transverse ’*. Let us examine this .section 
carefully, and as we proceed endeavour to find and name the various parts. 

Annual Rings. — Probably all of you have seen and examined the stump of a 
tree after the tree has J)een cut down. Most of you have endeavoured to count 
the marks which you saw on the cut [xirtion in order to find out something about 
the tree. What did you count ? What did you endeavour to find out by counting 
those rings? If you can tell the age of a tree by ^counting the rings, what does 
each ring represent with regard to the growth of the tree? What do wo call 
events wnich take place regularly every year, such as sports, &c. ? Seeing that 
these rings are formed regularly every year, what can they bo called? “Annual 
rings.” Are these rings true circles? Exa^nino th<An closely; aro they of uni- 
form ^hickness? At vmich part of the tree a^e the rings thickest? Where are 
the thin rings situated? , 

CauiD of Visibility qf Ri^i. — Hqw is it that the rings can be seen at all? 
Can you* see any rings on this? [Hc3d up a cl^n sheet of white paper. Make 
some rihg% on it with a piece of chalk.] Can you see these rings clearly? Why? 
SuppOstf rings were djawn oy the blackWrd with ffencil; woulcf they be distinct i 
Why? Nov; prooably you can explain why it is that the annual rings on a trans- 
verse section are so distinct. • • 

Composition of Rings. — Examine the individual rit(^ more minutely. Is the 
substance^ of ^ny particular ring uniform in cdlour? How (loes the portion of a 



S^OTSS 


58 


SCIENTIFIC PRINCIPLES 


ring which ia nearest the centre of a tree differ from the outer portion of the 
ring? Look still more closely at this piece. Can you see these small holes 1 In 
which portion of the ring are they situated? What are such small holes called? 
liefer to other substances which are porous, i.e. sponge, bread, chalk. Test each 
part of the ring with your finger nail in order to discover which is the harder 
portion. What have you discovered? Whore is the softer portion of each ring 
situated? We have now discovered three points of difference between the inner 
and the outer portion of each ring. Name these points. Lighter, in colour, 
more porous, much softer.” 

Spring and Antomn Wood. — At which ^riod of the year do we find the trees 
budding forth and commencing to grow? When did the tree commence to form 
the inner portion of each of these annual rinM? [Explain.] In consequence of 
this the inner portion of each ring is called tne “ spnngwood ”. When do the 
trees lose theh* leaves and cease growing for the year? What might the outer 
portion of each ring be called? “ Autumnwood.” 

Heartwood and Sapwood. — Examine the colour of the whole surface as a mass. 
What do you notice? Where is the darkest portion situated? Which' do you 
think is the older portion of the tree, the dark or the light portion? Test each 
portion in a manner similar to that in which you tested the parts of the annual 
rings. What have you discovered? Where is the harder portion situated? Pour 
a little water over each part, and observe what happens. Where has the water 
gone? Which part absorbed the water most quickly? Can you explain why this 
IS ? “ More porous and softer.” [Explain : The inner portion is called the “ heart- 
wood ” whilst the outer portion is called the “ sapwood ”.] Which do vou consider 
to be the better portion of a tree from a commercial point of view? Why? What 
objection do you see to the use of the sapwood for constructional purposes? 

Bark and iti Use. — You are all familiar with the name of this •rough outer 
portion which surrounds the section. What is it called? We will endeavour to 
find a use for it. Where is the living growing portion of a tree? What name 
did we give to this layer in a previous lesson? What wo'.ild happen to this layer 
during frosty weather if it were unprotected? Can you thiiiK of any other 
sources of danger to this layer? Lead up to attack by insects and cattle. Can 
you now suggest one use for^the bark? Did we not also discover in a previous 
lesson that the elaborated sap passed from the leaves to all parts of the tree by 
means of the “bast fibres” forming part of the bark. You see, therefore, the bark 
plays another important part.^ [Describe the services' rendered by the bark of trees.] 

Growth of Bark. — AVnen the tree ^rom which this section was cut was no thicker 
than a pencil it was covert with bark. You can observe tlmt it is still cevered 
with bark. How does the bark grow in order to keep pace with the growth of the 
tree ? Where must the growing portion of cthe bark be situated ? Hence'’ you see 
that the cambium layer, whilst it adds a lay^r of wood to the tree, is also '^ding a 
new layer of bark. How is it that we cannot find as many layers of bark we have 
discovered annual rings? Notice the rough bark, and bow easily layei's split bfit 

Medullary Rays. — ^There is something which we have not yet mentioned, 
* viz. if the ‘'specimen is one of dak, or one in which the ” m^uUaiy rays” 
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' are visible. Call attention of class to the lines radiating from the centre to 
the bark. If a young stem of a plant be cut through, what do you find 
occupying the middle portion ? 

* Explain: “Pith or, Medulla”. 

The reason for the pith being leas prominent in larger sections is that 
the wood as it develops exerts an enormous pressure on the pith, and in 
many cases squeezes it out of existence, so that only a point is visible. If 
the pressure be not so great, the pith, though much compressed, still remains 
visible. Show examples, i.e. boxwood, nil.; pine, a little. The lines run 
(radiate) from the pith outwards in all directions. What do we call the ra}^8 
of light which radiate from the sun? What can we call these lines (rays) 
which radiate from the “medulla or pith”? “Medullary rays.” 


Annual Ringi: 


BLACKBOARD NOTES 


(a) Sjningwood. — Inner part of ring — Light in 
colour — porous — soft. 

{h) Avtumnwood. — Outer part of ring — Darker 
in colour — dense — hard. 

Sapwood. — Light outer portion of tree— Soft — porous 
— inferior. 

Heartwood«-^DHrk inner portion — the part used for 
commercial purposes. 

Bark. — Surrounds tree — Protects cambium layer — 
Distributes food to tree. 

Medullary Rayi. — Appear as lines radiating from 
centre. 

Pith or Medulla. — Small speck at or near the centre « 



CHAPTER* VIII 
Seasonihg Tiiiiber 

Rsqhired theJLeaam ^ — A few laths of wood. 

• • • 

Browing Tree contains Saji. — [Refer to trees growing vigorously and covered 
with leaves/] What happens if you cut twigs from such frees and do not put the cut 
end in w^r?. Why does it wither? Why do nbt all the leaves on a trfe wither on 
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A hot (liiy / Where does the tree obtain the moisture which nreventa the foliage from 
witheiiiig'l How dmis the moisture jiass from the earth to tne leaves? What is this 
moisture in the ti*ee ealleiH “Sap.” You ali-cady know that the sap rises up through . 
that portion of the tree which we have calle<l the sapwood. , 

Condition of Wood when Cnt — Siijpposo a tree is foiled foi* the purpose of 
cutting it into planks for conatnictional purposes. What would be the condition 
of the woo<l1 “Wet” or “<lamp”. 

EvAporation or Shrinknge. — You are very fond of “juicy apples” and “juicy 
oranges . What wouhl happen to voui* apple or orange if you ha^ipeneil to place 
it away on a shelf for a conshlerabfe time? What hapjiens to a piece of bieiul if 
left e\|x7sed for a considerable time? “Becomes dry.” Will the auple, oivinge, or 
piece of bread retain its full size? What happens to it? What (lo we say of a 
thing which Incomes smaller in this manner? “It shrinks.” What is it reasonable 
to siuijiose will happen to the planks of woofl cut from trees which contain moisture? 

HaceMity for Boasoni:^. --Suppose a plank of wood harl 1>een cut from a ti'ce, 
and whilst iu a wet condition was used to make some piece of framing, i,e. a door. 
What would happen to all the parts of the door? What would happen to tlfe joints? 
U'ouM you consider such a door a gtxxl one? What must first be done to all 
timber before it can safely lie used for constructional purjioses? [Explain that this 
process of drying is called “seasoning”.] What is really being dricil out of the 
wo<sl whilst it is lieing seasoned? “Hap.’ We may, therefore, define “seasoning” 
as a prewess by moans of which the sap is romovwl from the worsl. 


Different Methods of Seasoningr* — Pi-obably you are able to de«cril )0 
variouH ways by which we could dry this sap out of tiinbu*. How arc clothes 
dritsl oil washing day? What actually causers them to dry when placeii in the 
o[>en? Would they dry if it were a damp day? What is the condition 
of the atmosphere on such days? How are the clothes dried on such days 

as these? What is the difference between the two methods? E.Kplain 

“ natural ” in the case of drying in the open air; " artificial ” in the case 

f)f drying by the fire or similar means. E.xplain that similar methods are 

adopted for drying timber, i.e. “seasoning”. 

Natural Seasoning.— In most cam's the plawk-j ai*o 8tacke<l in the open 
ail* iu such a manner tliAt the t^mospliere can get freely to all sides of 
the planks. These stacks may 'lie under a roof, or if not under a roerf the 
uppermost planks are laid in a .sloping position, and are gtmerally somewhat 
longer than the pieces oompiwihg the st^k. What the object of JPhe roof 
or sloping planlro? What method of drying would you call th^s?* How 
•can the pitHjes be laid so (hat the atmosphere <jan get at ,all sides* d£ the 
planjt? Call upon a scholar to lay the laths of wood in similar position; 
if unable to do so, the k'acher should stack th^ laths in order to illustrate 
the method. Refer Ui stacks of timber in local timber yards. , ^ 
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Artlflci&l SBASOning*. — SuppoKo we wieh to dry the timber very quickly, 
will it do to place it out in the open air? Why not? Can you su^^st a 
•method of drying it more quickly? 

Refer again to the drying of clothes on a wet day. What kind of room or 
building would be necessary in which to stack the timber? How can such 
a room be heated ? How are larger halls and public buildings usually heaU*d? 



~ ■ 



\ 

>■.„ 

> 




, V 

■' n - 


r-- . < 

'' 


■ 1 

r 1 1/ , 



!■:: it u {( 

1 (l If-i' 



5 

•1 

^ ii 

ii *1 v')r‘^ 


- ' 

- . !> 1| M 

'i ■''■'I 



r . !) ([ !l 




r , li :i n 

1, 'I !i H 'l ■* 



i; 'i '* 

1, II- 




, • 'I l! i •'J 



i! 

1, „ ,( ^ 

1, u,;i . : 


- 





. ^1 * 

y 

_ i 




Fig 64 


Do y^u think it b(^tU‘r to have an open fifeplace or 8U‘am pi|ws ranged round 
the walls? Which method will lx? most likely to keep the tem[H?rature upi- 
formf^Which method* will best dii^ributc tlw? hea^t throughout the i-oom (u* 
chamber? Which would constitute? the lx?st niethcxl of Imating a room in 
whic4i a fot of timber was Htacke<l for the pui-pose of drying? Call attention 
to the nece^ity*for consUiut ifttentifin ig the case of open tires, and the wash* 
of heat attending such a methcxl. Will articles dry in a itxjiii which is tnoist 
with steam? Will any moisture be given of^from timber as it is ^eing dried? 
What arrangements must be made for getting rid of this moisture? Call 
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attention to iiccesaity for ventilating such a cliainber. What would you call 
such a method of drying timber — natural or artfiicial? Which process dries 
the timber more <|uickly? • 

Comparison. — Which do you consider the more expensive rnethofl? 'Ex- 
plain that the natural meth(sl is adopted for seasoning thick timljtir, and 
timl)cr which is to he applio<i to more common purposes, such as building, &c. 
'Fhe artificial method, which is called “hot-air process” is usually applied 
to special wood and thin boards which are intended to l^e used for special 
piirpows, such as furniture, office fittings, and the more important portions 
of the interior of first-class buildings. 


BLACKBOARD NOTES 
SEASONING TIMBER 

Reasoni for. —To dry out the sap. 

8ap. Moisture ” — Evaporates. 

Two methods of doing so: — 

(a) Natural. 

(//) Artificial. 

Natural. -Timber stacked in open air— So arranged that air can circulate freely 
round each plank- -Protecto*! from rain by root or sloping planks — Takes a long 
time — Cheap — Adopted for timber to l>e used for ordinary purposes. 

Artificial. - Timber staged in special chambers heated by steam pipes — Venti- 
lated to allow moisture to pass away — Much quickel — More coetV — Applied 
to timber to be user! for special purposes. 

Other Methods. — Running stream — Hot water — Smoke drying. 


CHAPTER IX 

Shrinkage of Timber 

. Required for fhe Lrasmi.^ 

i. Tran verse section of oak or beech. 

Tranverse section 'of pine; or poplar. 

Sections of timber variously cut. 
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Wo have seen that when timber dries it shrinks. It is necessary now 
. to consider how this shrinkage affects the plank. 

• Exaniination of Transverse Section.— trauHverse section of a 
tree* preferably one split through shrinkage. 

What is the shape of this section 1 Call upon a scholar to {M>int out iUs natural 
centre. What have we called that parti “Pith.” What arc these marks called? 
[Teacher pointing to “annual rings .] What has caused this “split”? Where is 
the timber that originally filled this opening (split) 1 Why did not the circumference 
approach the centre uniformly, thus preventing splitting? 

Reaioii of Splitting. — The cause of splitting is a difficult question and wo will 
try to discover the reason. 

Most of you have placed a biscuit in your tea and noticed that it became swollen 
in all directions. The diameter became greater. Suppose voii \vcre to <liy the 
biscuit f^piin, would it split as this piece of wood has done? No, it would not split, 
becyiuse all the component parts of the biscuit arc free to move towards the centre, 
an<l, the biscuit being thin, all parts dry at a uniform rate. Examine this piece 
of wood to see if you can discover anything likely to keep the outer rim from 
approaching the centre? What are those lino-like markings called to which you 
arc pointing? “Medullary rays.” You have already had explained that these are 
layers of cells arranged in a direction at right angles to the cells and fibres com|K)8ing 
the general mass of the wood. You will notice that the medullary rays are arranged 
like spokes in a wheel. What purpose do the spokes in a wheel serve? Can the 
outer part of the log approach the centre when these medullary mys are present? 
Do you suppose their presence will prevent the moisture evaporating? Shrinkage 
must take place, and the rim is prevented from approaching the centre — What must 
happen? This is known as “tangential shrinkage 

Experiinent.-^li will serve as a good illustration to take a cylinder of 
wood and stretch a rubber ring round it; cut through the ring and the 
scholars will see how the ring contracts in ^ circumferential direction, 
whereas, if the diameter of the Mtretche<l ring be compared with this ring 
in its normal condition i^ will l)e seen that the shrinkage has taken place 
in a radial direction. ^ • 

Tihgential Shrinkage. — You will now understand that the shrinkage takes place 
at righ]t_angles to the medullary rays, this is called “tangential shrinlmge”. 

Xeatdlaiy Rays Absent — Suppose ^no medullary rays happen to be present in 
the logf now do you suppose it will shrink ? Ye^ you would expect it to approach 
the centre* without splitting, but we must examine Xhis more in detail. What is 
the condition ofnho log whbn put? Which part of the log is likely to contain* 
most nioistift-e? Where is tijje sapwood situated? Which will shrink moe^ the 
hoartwood or sapwood? W’hy is this? • 

If a log be laid in the open air, as for “ Natueal Seasoning ” (see page 60), which 
portion ll lik^y to dry first? Will the inside or heart of the log be likely to dry 
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Ht the same rate? Hence the outside is shrinking whilst the inside 

size. What must take place then? What would tend to prevent this splitting? 

“Slow drying.'’ 

FUnei of Cleayage. — We have seen that, whether th% medullary rays 5e present 
or not -unless something be done - splitting is sure to take place. Can we* say 
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where it will split? This will depend on the drying and the weak places — “planes of 
cleavage" — in the log. What direction will the splitting take? Yes, it muI follow 
the direction of the fibres, and if these be arranged in a spiral manner, as they arc 
in many trees, it is easy to see that the “split" will tiiko a spiral turn round the 
log. How will this affect the planks when the log 
is cut up? 

Treatment of Log.- Can you suggest a method of 
treating the log when it is known that sooner or later 
it has to be cut into planks? Yes, the log should 
cut up. Does this prevent the shrinkage? How 
will each plank shrink? 

Effect of Shrinka^. — The teacher should make 
sketches showing different methods of cutting the log, 
and ex]iJain the effect of shrinkage in each case. 

In fig. 65 the cuts are all parallel to a dia^neter, 
and the effect of the shrinkage on each plank is in- 
dicated in fig.-' 65a, 

Does the Uiiddle plank become curved to''tJie same 
extent as the outer planks? Why is this? W|ii<^h side 
^'hy is this? The specineti indicato'i contains strong 
medullary rays. Suppose the log had contained no medullary rays, would the 

K tanks have curved to thq same extent? Gan you explain why they would be 
m ciirveill 

Btditl Cuttiiig. — Could the log be so cut as to enable all planks io remain 
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of each plank is convex? 
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'flatt^.TiTilhHt dii'ection would .such cuts have to bo made? Make a sketch of this 
as shown in fig. 66. 

'fheso cuts are called “radial cuts”. Can all the “wedge-shaped pieces" be 
used? Wh^t would you s^ of such a method of cutting timl>er? Tnougn wasteful, 
itT has often to be done fw timber to be used in better-class work, particularly 
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with oak, becaiise in addition to preventing the planks twisting it shows the pretty 
figuring “silver grain- -medullary rays” to the greatest extent. [Exhibit specimen 
if jKJssible.] 

Gompanson of Seotioil. — Make sketches of the ends of logs, ;is in 6g. 67, and call 
U|X)n a scholar to indiaitc on them, by dotto<J lines, the effect of shrinkage. 

Exhibit cerbiin speciinen.s of wood, and .see if they conform to thia law. 
Examine the jack plane.s; tliese afford valuable examples for tlio necessity 
of .studying the particular arrangement of the grain with a view to ensuring 
“rectangular” exj>ansion and contiaetion. 

BLACKl^OARD NOTES 

All timber shrinks while drying. • 

Circumference tends to approach pith. 

Often prevented by ])rc8encc of medullary rays. 

Oreatost amount of .shrinkage? takes place in a taiigeiitial^diicction. 

Medullary rays cause .shrinkage to affect hha|)e cut timber. 

H logsibe uncut they split with a V-8ha|)e(l oj^niiig. 

t^lits follow weakest lines of cleavage — often spiral. • 

When em, parallel to dian»tcr the |>iocea.curve, and* have the convex surfaces towardt 
the^jfith. • 

When cut 4n a “radial ” direction the medullary rays are jiarallel hy the surface, ami 
pfan^s remaip 6aW • 

Radial cutting- -Wasteful and e:fpen8ive— Adopted for better-class work— jwrticii- 
larly oak. • * 
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CHAPTER X 

Chemical Structure of Wood and Products ferlhed^ 
by Chemical Changes and Decomposition 

Structure of Wood. — A thorough analysis of the chemical structure of 
a piece of w<K)d would carry us far beyond the range of manual training, yet 
the subject must not be allowed to pass unnoticed. 

We have seen that different kinds of wood vary in density. Is this due 
to varying chemical composition or arrangement of the constituent parts? 

We have seen that trees increase in size by growth at the extremities of 
all their parts and by the sub<livi8ion of certain cells (merismatic =*dividing 
by the formation of internal |>artitions), forming a layer over the whole of 
the woody pf>rtion of the tree (cambium layer), which layer is protected by 
the bark. We have further seen that the loaves of trees perform a kind of 
l^reathing operation, thus taking in air, from which carlx)n is extracted; also 
that the roots take in various mineral substances in solution. 

The production of the actual food material is due to chemical changes 
which Uke place in the leaves of the tree in the presence of light, air, and 
warmth. The various elements abeorl)ed by the tree are in this way largely 
converted into glucose (a form of sugar) in the leaves, from which it is passed 
to all parts of the tree, and is there modified for the purpose of building up 
the wocsly tissue. Tlie various functions observed ar^^ all necessary to a com- 
plete |)erfornmnce of these chemical changes. 

The density, we shall is not affected by the.se chemical changes, but 
is due entirely to the particular arrangements of the component parts of the 
wood, i.e. cells, vessels, and fibres. 

It has been found byexperiment that the chief substance's which plants 
nee<l for building up their various tissues are as follows: — ^ 

• Carbon (C), oxygen (O), nitrogen (N), hydrogen (H), sulphur (S). These 
elements are essential for the development of protoplasm (protopl^i^ » a 
transparent substance apparently structureless, and similar in character to the 
.white of an egg; it constitutes the basis of living matter in all plant strul^ 
tures) and the substance cellulose, of which practically the v'hole of the 
woody matter consists. .They are therefore known as the organic element^^ 

(a) Carbon forms one of the chief elements in the structure of wood, 
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'enterinif it does into the composition of every part of the woody tissues. 
If a piece of wood be burned in a closed vessel, watery vapour and gases are 
^ven orf, ana when these cease to be given off there remains a mass of black 
sub8biiioe4kiiown as “ charcoal ” — which is practically pure carbon. 

Exfperirne ^ — Takfta piece of wood about 6 in. by 1 in. by 1 in., and note 
carefully its weight. Place it in a desiccating tube and expose the tube to 
the flame of a spiiit lamp or gas jet, and when all the vapours and gases have 
been given off remove contents of tube and weigh again. (>)mpare weight 
after desiccation with former weight, and it will be found that the carbon 
weighs approximately one -half the weight of the piece of wood taken for 
the experiment. Repeat the experiment with various kinds of wcxxl, and it 
will be found that this ratio is fairly constant, thus establishing the fact that 
for all woody matter practically one-half by weight is carbon. 

(6) (Oxygen. — The supply of oxygen is mainly derived fi-om the water 
taken in by the plant (water consisting of a compound of two gases, hydro- 
gen 2 parts, and oxygen 1 part, — volume), also from the carlwnic acid gas 
which is found as an impurity in the atmosphere, and which passes into the 
leaves during the breathing process. The gas is composed of carlxm 1 part 
and oxygen 2 parts (CO.j). 

Further supplies of oxygen are obtained from the various metallic salts 
containing oxygen, during the chemical changes which take place in these 
during their conversion into food elements for the tree. 

(o) Hydrogen. — This substance is obtained chiefly from the water in the 
plant, which we have seen has the composition: hydrogen 2 parts, oxygen 
I i>art. Further supplies are obtained from the various metallic salts con- 
taining hydrogen, during the various chemical changes which take place. 

Experiment . — Take a desiccating tube and place in it some chips of wood, 
or a piece as before mentioneil; seal the open end with clay, through which 
the stem of a clay tobaccQ pipe passes to the interior. Now place the appa- 
ratus in the flame of a spirit lamp. Ver^ soon a* stream of watery vapour 
(steam) will be seen to issue from the open end of the stem. Place a lighted 
match to this, and the light is quickly extinguished. Later it will be seefn 
that tHi!^ smoke issueff from the stjm. Agaifi place a lighted match to the 
^n efld„and again it will be found that the flame is extinguished. The 
^Acapih^subeta^pe if^a mixture of steam and smoko. (Smoke « unconsumed* 
particles of ^rbon.) When the thick «moke ceases to be given oflT, if the 
hand be placed near the opeh end it will be found •that a hot jet of gas is 
rushing qpt o| the pipe. Place the lighted nifftch to this, and it at once lights 
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up, burning with a bright 6aiiit‘. Tins burning vsubstance is chiefly hydrogen^ 
gas, but contains sinall (pmntities of carbni, liencc the yellowness of the 
fianie. When the flame ceases it will be found that all escape from the tube 
has ccosc^d; that is, all the volatile s\ibstances and gases have been driven oft' 
from the wrssl, and again nothing but eliarcoal (carbon) remaiiis within the 
vessel. 

Not *'. — This experiment can Ix^ jHuformed with an ordinary clay pipe, but* 
the desiccating tube, is lx*tter, as a larger volume of W(K>d can be treat^. 

ijJ) SrLiMiirR.— This element is essential b> the formation of all proto- 
plasmic and albuminoid substances. It is flerived from tlic various sulphates, 
which are salts of sulphuric acid. (Sulphuric acirl = A. form of lime 

impregnated with sulphur, and known as gypsum, constitutes a valuable 
source of supply (C’alcium sulphate = (.’aSO^). 

(e) Nitikmjen. — This substance is essential to the formation of protoplasmic 
and albuminoid Ixslies. It is derived from the various nitraU's, which are 
salts of nitric acid. (Nitric acid = HNOjj.) Trees do not take in the nitrogen 
existing in an uncombine<l state in the atmosphere, but derive all their sup- 
plies from the various nitrogenous compounds. 

(/) OrnEii Elements. — Other elements are also found in very small 
<|uantities, and whilst these may be regarded as essential in order to enable 
the various chemical changes to bike place, and the plant structure to 
[>erform its natural functions, the quantities arc so small that they will not 
1)6 separately treated here. They are as follows: — 

Mehilllc tjUinentif. — Iron (Fe), calcium (Ca), magnesium (Mg), potas- 
sium (K), sodium (Na). 

Non-meiallic KhmentH, — Silicon (Si), phosphorus (P), chlorine (Cl). 

A chemical analysis of a piece of wood shows the approximate composition 
to bo AS follows: — ■ 


(^l^lx)ll . . . 

( bvygeti ... 

I l^'drogeu 
Nitrogen 

Ash 
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The ash contains the various metallic and oiher elements. •> 
tn various specimens of wood it is found that these figures do not vary 
more thAn«apprf>ximate]y I per vent. Hence it will be seen that the varying 
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density of wocni ih not due to varying elieuiical conijKwitioii, but owes ita 
variableness to tlie arraii;;jt*inent of the wo<jdy struetuiv. 

• Kxperimmi. — (a) Take a piece of Aiueriwin ytdlow pine or ctslar, and flt>at 
* it in Vatfjr. It floats because, volume for volume, it is li;;liter than water. 

Next take a similar piece of woo<l and plane some. v<“ry tbin shavings 
from the end grain; dry these thoroughly (warm them) and place them in 
water. The water tpiickl}’ takes the place of the air, some of which was 
exptdled during the process of warming, and the shavings .sink, sliowing at 
once that the aKsolute <lensity of W(H)d is gn'ater tlian that of water. 

(/>) Take a pi(‘ce t>f charcoal and fl(mt it in water. Why does it floats 

Take a similar piece of charcotil and reduce it to an exceedingly fine 
j)Owder, and mix it with some water. If allowed to .stand it will be found 
that most of the j)ow<ler sinks to the l)ottom. Why( What <loeH this teach 
us ( 

Having .studied the nature of the elements com|x)sing timber, let us now 
en(|uire into the nature of some of the pr<Hlucts brought alsjut by <lecompo- 
sition, naturally or artificially performed. 

Charcoal. — '^I'his .substance is the residue left after driving off all the 
watery and gaseous substtinces contaiiuid in the w<xkJ. It plays an important 
jmrt in the arl.s. It is capable of producing very intense lieat when burned in 
conjunction with oxygen, and is \ised by goldsmitlis. 

It is produced in two ways. 

((() By slow burning of stacks of timlH‘r which have Is'en covered with 
turf in ra’der to prevent access of air, or— 

(h) By a process of flistillation, the timlx'r lx*ing platted in large iron 
cylimiers l)eneath which a fire is lighted. During the process of distillation 
many V}y-pr(xluct8 are yielded. 

Uses of Charcoal. — For refining sugar. Renu>ve8 organic matter from 
water. Alxjorbs gases readily ; useful in sickroom or places where ImmI smells 
arise. In tlu 5 manubicture of gunpowder. tJse<l mcflicinally for many 
purposes. , . 

By-Products formed during* Di^tlllatlon.—Acetic ticid. Wotxl naphtha. 
Tar. CUfHng the previous experiment, when testing for hydrogen, it was prob- 
ably not^e^d that a brown vi.scid fluid dripped from, the sttuii of the pipe. Th 
substance i8^kn<Twn as “wofxl iar •con^monly termed “Stockholm tar”, b^ 
reason of the vast industry* carrio<l on at Stockliolm in the tnanufaoiure 
of tar from the pine treea The name “Stockholm tar” is now applied to 
this subf^mfe no matter where the article is manufactured. 8to(;kholm 


adores 
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tar is brown in colour ami has a strong pungent ocjour. It is largely used 
for preMerving woo<l, and by sailinakers for preserving canvas and ropea. 

Pine and Fir Trees. — These all yield a substance known as “ turpentine k 
It is cc»Ilect<i<l frofii the growing trees by making incisions in the bark and 
allowing the exuding sap to flow into a vessel. This crude material is 
distilled, and from it “spirits of turpentine" is obtained; the residue defi"* 
after distillation is the oislinary resin of commerce. 

Canada Balsam is a turpentine from the Balm of Gilead Fir (Abies). 
It is slightly yellow, transpamnt, possesses an agreeable odour, and an acrid 
taste. Used for optical work, an<l for mounting microscopic specimens. 

Resins. — There are many different kinds of resins, some of which ai-e not 
obtained from the pines and firs. Many of the harder varieties are used 
in the manufacture of varnish, and some are used for me<licinal .purjxisea 
The principal forms used for these purposes are: Amber (mineralized form), 
dragon’s blood, storax, scammony, jalap, gamboge, galbanum, lac, dammar, 
ma.stic, co()al, sandarac. 

Dammar. — A form of resin yielded by the Amixjyna Pine (Ayathia 
orienUdia) found growing in the Malay Archipelago. 

Another species of this tree, the Kauri Pine {Ayathla niiatndis) yield.s 
an inferior variety of dammar. The Kauri Pine is found in New ^>aland. 
Dammar is used in the manufacture of varnish. 

CoFAL. — The name of several varieties of resin used in the manufacture of 
varnish. Found also in fossil form in Africa at a depth of 3 or 4 ft. below 
the surface. . 

Walnut Tre68. — The fruit yields an oil which is largely used on the Con- 
tinent by artists. It is also used as a food and for lighting purposes, and a 
<lark-brown dye is obtained’ from the husks. The sap yields a form of sugar. 

Oak Trees yield a substance known as gallic acid, the name being de- 
rived from the oak galls, which contribute the chief supply. This substance 
is used for medicinal purposes and' in the manufacture of ink. 

^ Maple Trees. — One variety of this tree {Acer aaccfvarinum) yields *a con- 
siderable quantity of sugar. "Hie trees are tapped during the spring, when the 
.sap flows into the incision. The sap thus obtained is evaporated Aqd sugar 
forms the residue. ^ 

Eucalyptus Trees. — These trees, are ioundogrbwing In Australia, itnd from 
their leaves a valuable oil is distilled. This oil is largely used for^edicinal 
purposes. ^ One variety of the t^jee {Eucalyptus rtsinifera) yields a^gum which 
also is used in the preparation of medicines. 
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' fiosewood (Dalberyia nigra ). — This ti-ee yields an oil which lias a fra- 
grant odour. It is known as “oil of Hhodiuin.” The odour is that of sandal- 
wood and roses mixed, and has peculiar jiowers of attracting certain animals 
► -—horses and luts. 

)*'%lAlliphor. — This substance is obtaine<l from the Camphor tree ((■iniitt- 
j^nomuni Camphora) found growing in Japan, China, and Formf>sa. 'riiis 
tree also grows exceedingly well in South Africa. 

The wood is placed in vessels containing water, ami covered with straw 
matting. The water is gradually heated, and the volatilized camphor con- 
denses on the straw matting in the form of crystalline nia.Mses. 'I’he masses 
are afterwards purified and the camphor of commerce is pi*oduced. 

The various products formed liy plant structure are due to chemical 
changes.or decompasition of the cellulose forming the cell walls. 


CIIAPTEII XI 

Science in Manual Training 

Conscioasly or unconsciously all the exercises which the .scholars perform 
in the manual-training classrcxiins bristle witli scientific problems. Many of 
tlie problems are worked through quite unconsciously, and results arrived 
at without a knowledge^ of the laws which enable such pioblems to be solved. 
Scientific statements are made and facts expressed without .stopping to investi- 
gate the truth of such statements or examine such facts. 

As already explained, the main aim of the mimual-training lessons is not 
alone the pr^uction of a number of well-executed models, and the acquire- 
ment of 80 much manual •deitterity, but the fact must be borne in mind that 
it is a “ complete ” man which is being ffevelopod. A man capable of right 
thou^t, a man capable of “thought-directed” action. Models may be 
beautilvHy executed, t^e producer may posse^ wonderful skill or dexterity 
of handt yet it is possible that s«ch models and such dexterity have not 
called lyrth that mental effort, that thought-directed action* w'hich it should 
be the nim of the t^her 00 pistil. This can be done only by “pointing tlie* 
by lefuling the schola^js step by step to think and reason before taking 
definite action. Every line placed on the wood, evety cut made with saw or 
chisel, ev^^blow with hammer or mallet must be thought ’dirtied. ITie 
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What is this? Why is this? Wl»at caused that? What is likely^ 
to ha{){s‘n if . . . ?" &c., should “be ever to the front durii^ the lessons. 

It is only in this way that manual training comes to serve its true eiu^ 
which is to aid in the development of the true man — a man capab]e of < 
right thought, a man capable of right action, a man capable of thii^^g and 
giving concrete expression to his thoughts. 

It would not be {X)Hsible U) deal with all the problems which arise during 
(he manual-training lessons, but an endeavour will be made briefly to suggest 
a few to which teachers might give attention, supplementing these for them- 
selves as occasions arise. 

As s<3on as the scholar enters the classroom he is given a pit'ce of wood; lie 
is tohl to “ measure it, to “ test its weight”, and, later, to exei't “ force” on the 
sfiw or chisel in order to pro<luce “ work ”. 

Now, what is the piece of wood? What do we mean by “ measure^? What 
is understootl by " weight ” ? W)\at is “ force ” ? What is “ work ” < 

Matter . — In nature wo find many substances which can l>e seen and hamlled, 
whi<;h can he tasted, or which can be smelt, or which, by means of our senses, 
we know to exist. Such substances may exist in one of three forms, or may paitake 
of the nature of all three, i.e. : 

Here is a piece of stone, a piece of iron, a piece of wood; these we call “solid *’ 
substances. 

Here is some water, some oil; these we call “liiiuid” substances. 

You can feel the wind blowing U|)on you thougn you can neither see nor smell it. 

You know that we can light our rooms by means of a substance which pisses along 
a pipe, and which, when the tap is turneil on, wo cai\ smell and light. These 
substances are gases. 

Hence wo see that sulistanccs exist in various forms as: Solids, liipiids, gases. 

All such substances whicl) can thus l)e detected by the senses are Icnown as 
“matter”. We can now say that our piece of wood is a “piece of matter”. All 
wood can be seen and handled, therefore all wood is matter. 

You will see that this piece of wood takes up s( certain amount of room. This 
water fills the jar. The ^as, wo kno^y, fills the pipe. The room, we know, is full of 
air. We can place the piece of wood in any position, and it neither alters it^ shape 
npr does it occupy more space. This then is known as a solid body, and we have 
ways and means of finding the amount of space {volumr) wjiich such a body /Mcupies. 

The water, as w'e have seen, fills the jtvs but we cannot place the water alone 
in any position as we did the piece of wood. You know what would, hippen if 
,wo trioil. Hence we see that whilst we win find put hoi^ much space 1(v6lume) 
a given quantity of water occupies, its form is always changing^accqrding to the 
natuve of the vessel containing it. We ran form enormously high column, pro- 
vided we put sufficient intoTa tube; but it must have the tubing to keep it in position. 

We can ooter a very large area, pfovided it be poured out on a smooth fktt surface. * 
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' Hence liquids, whilst they have a definite volume, have no definite shape, hiit take the 
shaM of the vessels which contain them. 

AVhat of thd gas in the pipe? Turn on the Up for a few seconds and you will 
*quickly smell the gas in all parts of the room. W hy ? The room is full of gas, we 
say.* How did it manage to nil the w'holc room? 

Ga^ differ from solids and liquids. A gas occupies no definite 8{>aee (volume), 
but wilt spread itself equall}^ throughout the whole space in which it is, no matter 
how small the quantity. It certainly takes the 8ha{)e of the vessel or room con- 
taining it, but spreads to all parts, and docs not, like water, fill only the lower ])ortion. 

Hence we see that gases have neither definite shape nor vr»lumo. 

Xeaiorement—Now wo can measure all substances, but the incth(Ml adopteil 
varies according to the nature of the particular material. Ever}- country, too, adopts 
its own particular “standanl”. In this country we now use the sUndards lai<l «lown 
by other countries as well as our own, i.o. the British standard, the Cape standanl 
(in South Africa), and the French sUndard known as the “ Metric System 

We i^ill first deal with the British and metric standards. 

Examine a rule and notice the division marks along the edges. What do they 
represent, and how are they obtained? There are inches on one side and centimetres 
on the other side. Arc all inches alike? Are all centimetres alike? What governs 
their length? 

The British standanl of length is known as the “yunl" and (his has l)een 
defined by Act of Parliament to be: “The disUnce between marks ma4lo across golden 
studs lot into the ends of a bronze l)ar and measured when at a temperature of 
02° F.”. This is known as the “ Imperial standanl yard Several (d these bars have 
l)een made, and arc securely kept in order that all other measures may fi’om time 
to time be tested by the standanl. 

Examine a “yard stick” and notice that it is divided into tlitee equal jiarts each 
of which we call a “foot”. Each foot is again dividctl into twelve parts which we 
call “inches”. These may 1k5 again subdivided into J, I, J, A, 
or they may be divided iTito roin lAa* Notice the various division marks to 
the inch on your rules. 

The Xetrio Syitem. — The French also inserted a gold stud at each end of a 
bronze bar and made a mark across each stud wherf the temperature was at 40° F. 
They determined the distance between the marks on the studs by measuring the 
distance from the equator tp the ixile along an imaginary line passing through Paris. 
This distance they aivided into trn million otptal parts which they named “metres”. 
Unfortunately it was found later that they had matle a slight mistake in calculating 
the (fSstance, hence the metric system is after all an arbitrary standard and not a 
truly ji^ed national standanl. * 

bavjpg obtained the’metro it wasjdivided into loths, ^J^ths, called, 

respeclivefy: decimetres, centimetres, millimetres. ^ 

Eicamibe a rule subdivided according to British and metric standanls. On the 
rules we have two sfhndard* systems by means of which to determine the lengthf 


breadth, smf thickness of any Iwdy. 

What is the length of your piec 
of wood? 


piece of wood? What ia the breadth of your piece 
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Tiio aiea of rectangles ean be fonnd by m^j^j^lving the length by the breadth. 
We will work the example in boCh ^ndarda When we wish to find the volume 
of ciiVs or brick-like objects, we oan do so by multiplying the product of the length 
and breiwlth by the thickness, h'ind the volume of your piece of wood. 

[n future we shall know how to find the volume of our various exercises, asstifning 
that they are rectangular in shape. The method for determining the volume of solids 
which are irregular in shape will be explained later. 

Weight ~*H ere is a piece of wooa [take a piece of ebony or other very heavy 
woo«l for comparison witn the pine or poplar of the exercise] which is exactly the 
same size as yours, that is, it has the same length, broatith, and thickness, that is, 
it has the same volume. Take hold of them. What do you notice? A difference 
in weight How can we explain this difference in weight, and whait is meant by 
weight? 


We know that if a body is let fall it is at once pulled to tlv* earth, 
and Ijodles that remain at rest, as,* for instance, this piece of wood resting 
<in the table, are pressing downwaitls on the surface upon which they 
re.st. This pressure is due to the earth’s attractive pull, known as “ gravity ”. 
The earth's pull is unifonn on all bodies having equal volumes and con- 
taining an c<pial quantity of matter, and this pull, which we can feel and 
which demands muscular effort on our part in order to sustain a load, we 
call the “ weight of a body ”. The weight will vary as we approach or 
lH‘come farther removed from the earth's centre. The weight of a body 
is only constant, therefore, when weighed always in the same place. 

You have compared the weights of the two piecea of wood and found 
tliat one is heavier than the other. Why is this, seeing that they are the 
same size? It is clear that there must be a difference. Tlie difference is 
that one contains more “matter” than the other, and the amount of 
matter which a body contains is known as the “mass”, and we can com- 
pare the masses of given bodies by comparing their weight. On comparing 
our two specimens of wood we find that one' is'* heavier than the other, 
then clearly that which is the heavier contains more matter, that is, it lias 
a greater “mass”. In onler to measure the mass of a body we must 
have some standard. The British standard is the “rpound”, it consists of 
a lump of platinum preserved in the office of the Exchequer. • ^ 

For purposes of convenience wo have subdivisions of the pouqd .(lb.), 
as ounces, and multiples of the pound, as (^ile (14 ^b.), 'hundredweight 
(112 db.), ton (2240 lb.), and Cape ton (2(X)0 lU). 

The metric standard Of mass is the mass of a cubic centimetre of water 
at a tempelwture of 4'* C. ; it is known as the gramme. 
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‘ Density. — Referrinff agaitt^ our specin&ens of w’ood, we know tliey 
possesa equal volumes, we also know*^that oAiJ contains inoi*e matter than 
#the other, and we say of that which contains most matter that it is more 
denee. When we wish to compare the density of two or more bodies we 
must state the quantity of matter contained by a cubic unit of each. 

For purposes of comparison we often state the “specific density” of 
a body. That is, we make a comparison between the mass of unit volume 
of any substance and the mass of a unit volume of water. Now, water 
weighs approximately 62'5 lb. per cubic foot, and as it is taken as the unit 
its specific density is said to be 1. Sup|K)se a bod}^ weighs 31 25 lb. |x*r 
cubic foot, then its specific density is *5. 

Specific Gravity. — If now a comparison be made b(‘tween the weight 
of a giyen volume of any substance and an equal volume of water, this is 
known as the “specific gravity”. This refers to the weight only, whereas 
specific density referred to the quantity of matter. Here, again, water at 
a temperature of 60® F. is taken as the unit. The specific gravity of water 
then is 1. If now we know the specific gravity of a substance we can 
calculate its weight. The specific gravity of American yellow pine is 
about *6. Hence the weight of 1 cu. ft. of this wood will be found by 
multiplying 62*5 by *5 = 31*25 lb. 

The specific gravity of — 

Beech = *8 hence weight = 62*5 x *8 = 50 lb. per cubic foot. 

Box as -9 to 1*03 „ = 62*5 x *9 = 56*25 lb. per cubic foot, or 

• nearly eijual to water. 

Ebony as 1*2 hence a= 62*5 x 1*2 = 75 lb. per cubic foot. 

Brass as 8*4 hence = 62*5 X 8*4 = 525 lb. per cubic foot. 

Iron =3 7*7 hence = 62*5 x 7*7 =* 481*25 lb. per cubic foot. 

Lead = 11 *4 hence = 62*5x11*4 = 712*6 lb. per cubic foot. 

« • 

This knowledge can be usefully applied for estimating the approximate 
w5i|ht of bodies that will float in water, for the floating body displaces 
a vobpne of water tlje weight of which equals the weight of the gifen 
substance. Suppose, therefore, wi take a piece of wood and float it in 
watqri ^and observe that about two-thirds of its volume itf under water, the 

weight per cubic feot wiM ly two-thi^s of 62*5 lb. • 

This experiment can ly tried later with different specimens of .wood, 
and afterwards comparing the actual weight by means of a balance. 

FoPie and Work. — Having considered *the nature of our tnaterial we 
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have riow i<) t‘uiiHi<!«r the nature of the “ work ” to l)e perfurmoci, and the ^ 
agency by ineanw of which it is execute<l, i.e. force. 

Hebiie any work can be execuU*d with the various bxjls you see in» 
the room, muscular effort must Im brouglit to ls»ar up^;n them. This 
muscular effort will reciuire to be gi*eater or leas accoixling to the nature 
of the work to lie perfurme<l. 

Before any work can be done with the tools they must Ije set in motion. 
This is accomplished by the exertion of nm.scular effort, and the motion 
imparted to the UsjIh is the result of the “ force” exerted. 

A foitje nuiy Is^ ex«‘rted upcm a bcsly and yet it is possible that motion 
may not lx* pro<luce<l. This is owinj; to the fact that the body uixjii 
which the force is exerted presses back, “reacts”, with a force equal and 
opposite to the first force, that is, the bo<ly acted upon resists motion until 
the pressure applie<l is sufficient to overcome the resistance of the body. 

Apply a saw to wood and push li^jhtly, i.e. exert a small force, and 
you will notice that the cohesion of the fibres prevents the Siiw moving 
forward. Now increase the pressure, i.e. exei*t a greater force, ajid the 
cohesion of the fibres is overcome and the saw conuiiencc’s to move forwai'd 
and execute work in cutting the fibres. 

Apply a chisel to the piece of w<xxi and press lightly; again we notice 
that the cohesion of the jMiiticles r(*-sists the forward motion of the chisel. 
If now more foice Ixs exerted, the cohesion is overcome and the chisel 
moves forward. 

An approximate measure of such forces can be ^ascertained by means 
of a spring balance, and it is usual to express such forces in terms of 
weight, i.e. a force of so many pounds. 

In order to thoroughly Imderstand the naturc of any force acting on 
a body we must know — 

1. Its magnitude. 

2. Its point of application. * 

.3. The direction in which it acts. 

4. Whether it is a pushing or pulling force, i.e. its wrnsr. 

c 

Graphic Rcpi^sentation* — Such forces may be represented by n^eans 
Cf lines. ^ • ♦ o 

T^ke the case of a boy pulling with a forc^ of 5 lb. on a stVing which 
is attached to a block of'wooii. This can lie shown as follows (fig. 68): — 

Line A B represents, the magnitude of the force, and is made ^5 units 



aUllfiJVCE IN MANUAL TRAINING 


77 


s^Cores 


y any distance being taken to represent unit force. Tlie point of applica« 
tion will be the centre of the mass C, i.e. its centre of gravity, or that point at 
iwhich the concentrated 
forcjps due to the earth’s 
pull on each particle of the 
mass is supposed to act. 

The direction of the 
line indicates tlie direc- 
tion of the force, whilst 
the arrowhead indicates 
the “sense” of the force. 

Assuming that the 
arrowhead pointed in 
the opposite direction, 
clearly the force would 
1^ a pushing force, and 
string would not serve to 
transmit such a force. 

Parallelogram of Forces. — Now let us take the case of two boys each 
pulling on a separate string, the strings being attached to a block of wood 
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as before (fig. 69). The boy at A pulls with a foroe of 4 lb., whilst the boy 
at B puJls with a force of 6 lb., and let the'^ines represent the Qireciion in 
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whtch each is pulling. Now it is clear that the block C will move forw^f^ ^ 
under these pulls, but what will be the actual direction of its motion? 
Tliia can be determined in the following manner. 

Plot otf each force to scale as indicated in the last example. Then, AC 
will have a length of 4 units whilst BC will have a length of 6 units. 
From A draw AD parallel with BC, and from B draw BD parallel with AC, 
thus completing a parallelogram. If now a diagonal of the parallelogram 
Ijc drawn, o.g. the line DC, this line represents the direction in which the 
block will travel, and further, if measured to the same scale as the foi'ces, 


it will indicate the nature of one force which might be exerted in order 
to accomplish the work of the two boys. Thus one boy pulling on the 
block in the direction C D with a force of 8 lb. will produce the same effect 
as A and B together. This force of 8 lb. is known as the resvltant. 

Further, supposing we have a piece of string at the back of the 
block 0, and, whilst A and B are pulling, another boy picks up the string 
at the back and commences pulling with a force equal to DC but in the 

opposite direction, as indicated in the 



figxire, the effect will be that this pull 
will just balance the combined pulls of 
A and B. Such a force is known as the 
equilibrtini. 

Resolution of Fopoes.— We have 
seen that we can substitute one force 
acting at D for ^he forces exerted by A 
and B. This force is called the “ result- 
ant”, and is determined by completing 
a parallelogram about the forces; then 
clearly if one force acts on a body that 
force can be -resolved into two forces 
varying in magnitude according as the 


flaw 


angle between them and the magnitude 


of either force varies. 

Ex<jmple . — A force of 10 IK acts #long the line AB (6g. 70^ in the 


direction indicated^ and we wish to indicate the magnitude of forces 'acting 
-along A O at an i^le of SO"* to A B and along A D which makes an angle 
of OQ"* with A B. We have only to proceed as in the former e'xample and ^ 
from B drav|J]J&^ralU to A I), also from B draw B F parallel to AC. If 
now A E b8|ipPMW*M to the same scale as A B the number of 
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\ unjts in each will represent the magnitude of each force, and these forces 
^re known as the “components”. 

I Now let UH examine the saw and the chisel and see if we can apply 
this knowledge. You will observe that the handle of the saw is inclined 
to the line of the teeth. Why is this? It is clear that, when we arc 
sawing, the saw has really to move in two directions, forward and down- 
ward. But how is this to be accomplished in view of the fact that we 
exert only one force on the saw? We shall understand this better if wo 
make a diagram (fig. 71). M N represents the handle of the saw, which is 
inclined at 60“ to the line of the teeth ; A represents the direction of the 
force applied Uj the handle, 
and is at right angles to M N : 

B and C represent thedirection 
of the r^tangular components 
the !nagnitude of which we 
desire to find. Assuming the 
force exerted at A to be 12 
lb., we can now proceetl as 
follows : — 

Produce AO to D, making 
O D » 12 units of force. 

Draw DE parallel to BO and 
from D draw D F parallel to 
CO. If now OE and OF be 
measured to the same* scale as DO, the number of units in FO represents 
the magnitude of the forward force due to the pressure exerted at A. 
Similarly O E represents the magnitude of the downward force on the saw 
due to the force exerted at A. It will be found that O E will be 6 lb, 
whilst O F will be appraximately 1 04 Ib. 

Work a similar example as applied to tjie panel saw. 

Now let us ascertain what happens when the chisel is applied to a piece • 
of w<y)d. One forward force is exerted on the handle of the chisel. This 
has not^only to drive Che chisel foijward, but* it has further to overcome the 
cohesion pf the particles and lift out the w’aste. A diagram will explain the 
nature of the i^ork«to be done. We have seen that th<v/||uiiing edge of tho 
chisel is formed by the intersection of Wo plane surfaces mutually inclined 
at an angle of 35". Further! we have seen that all^gtioh a reaction, 

and the^e reactions are at right angles to tltti 


^ 10 4 1 hs '^><3 >0. 
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case of a chisel the “face'* acts downwards in the direction of 

bevelled surface N aci 
upwards in the directiou 
of C (fig. 72). The mus- 
cular force applied to 
tlio handle acts along 
the axis of the chisc], as 
shown by the line A. 
Suppose the force A to 
be 12 lb., what is the 
magnitude of forces B 
and C? These can be 
determined by construc- 
tion of a parallelogram 
having sides parallel to 
C and B, and a diagonal 
equal in magnitude and direction to force A. These foi-ces are represented! 

in the accompanying figure (fig. 73). Where AO 
equals the force of 12 lb. to scale, AC is inclined 
to AO at an angle of 55', and A B is at right angles 
to AO. If now OK be drawn parallel to AC, and 
OF be drawn parallel to AB, the number of units 
in AE will represent the magnitude of each of the 
forces B and C. It will therefore be .seen that the 
lifting foice of the inclined surface due to the 
force exerted on the handle will be 21*7 lb. It will 
further be seen that by reducing the angle of in- 
clination between the faces forming the cutting 
edge the greater boconieathe angle O AC, and conse- 
quently the greater becomes the magnitude of the 
force AK; but whilst the cutting action is thereby 
increased, it must be borne in mind that every de- 
crease in thi.s^angle is tending to weaken tl)e chisel. 

Further examples in the application of the 
parallelogram of forces will he found in the use 
of planes and gougea 
Find by experiment the approximate force exerted on the handle of a jack 
plane, and determine the rectangular components. ^ 
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i Having determined the magnitude of the horizontal force acting on the 
Yack plane, determine the direct lifting force due to the inclination of the 
Jutting iron. 

determine experimentally the force applied to the handle of a firmer 
gouge when making a fluted groove. What will be the direct lifting force 
of the blade, assuming the gouge to lie inclined at an angle of 40“? (Neglect- 
ing the resistance due to the curved face of the blade.) 

Mechanical Devices. — Practically all the tools we use are so constructed 
that they embody and admit of the application of some simple mechanical 
device for enabling the user to gain a “meclianical advantage"; that is, through 
the agency of the particular tool a small force is multiplied, and thus acts 
with a greater force than that exerted by the user. 

Levers. — One of the most important of these devices is that known os the 
lever. When you have to raise a very heavy load, you take a rigi<l bar of 
wood or iron and place one end of it underneath the loa<l; then you place 
a stone or solid block under the bar, and begin pressing on the free eiul. 
Should the load be exceedingly heavy, and you are unable t<j lift the load 
with the bar first chosen, you go in search of a “longer bar”. Now, that 
bar which you used was a Uver, and the block which you place<l beneath it 
is called a fuhrum. The word fxdcrum means a “ prop " or “ support ". It 
is the point at which the lever is supported, and about which the lever turns. 
The word lever means “to raise”. It is applied to any rigid bar turning on 


the fulcrum, and used to 
overcome a resistance ^calhnl 
the weight) encountered at 
one part of the bar, by 
means of a force (called the 


ponder) applied at another 
part of the bar. • • 

You will notice that the 



bar !• divided into two parts 
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by the fulcnim. These are • 

called *Rie nxniis. The* arm supporiing the load is called the weight am, 
whil8t*thfl,t on which the force or power is exerted is known as the power 


arm. * * * • > ^ 

levers are arranged in one of three groups, known as which vary 

according to the position of the fulcrum. 

The yius^tions will serve to show the relative position in eacb order. 

(CM1) t 
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Lf'ver of the First Order . — Here it is seen that the fulcrum is situai 
Ixitween the weight and the power. 

Lfiffer of the iiecoTid Order . — In this order the fulcrum is at one end, ani 
the weight is situated between the fulcrum and the power. 

Example . — Pushing a loaded wheelbarrow. 


Lever of ttix, Third 
Order . — In this order the 
power is applied at some 
point situated between the 
fulcrum and the weight 
(fig. 76). 

Example. — A pair of 
spring garden shears. 

Before wo can fully 
Wg. 75 understand the effective 

use of such levers wo have 

to consider the relative value of each arm of the lever. 

You will understand this more readily by reference to the favounte see- 
saw. Hero two boys arrange themselves at opposite ends of a plank which 
is supported on a fulcrum, and you know that they change their position 
until each balances the other. Should the two boys happen to bti of exactly 

the same weight, then 
they will occupy posi- 
tions equidistant from 
the centre. If, how- 
ever, one boy is much 
heavier than the other, 
then the boy who is 
heavier must move 
nearer to the centre in 
ri«.7« ottler to maintaui the 

• “balance”. It is pos- 

sible to discover the exact position eac,u boy must occupy if we l^now the 
weight of each. • This is done by the principle of the “ moments of "force 
The term “ moments of force ” is simply a ** numb<‘r ” obtfrine^ by multiplying 
a known force by a known distance, and these numbers enable 'one to com- 
pare the effectiveness of such forces when acting at a distance from the 
fulcrum. Taking the case of the see-saw; suppose the boy at A (fig- 77) 
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weighs 60 lb. and the boy at B weighs 70 lb., and A is 10 ft. from the ful- 
crum, where must B sit in order to balance A? By multiplying the weight 
of A by the distance from the fulcrum we have 60 lb. by 10 ft. «= 600. The 
600 represents neither 
pounds nor feet. It 
is merely a " number ”, 
which is called the 
“ moment ” of A, and 
represents its ten- 
dency to turn the 
plank about the ful- 
crum. What is the 
“ moment” of B ? This 
we do not know, be- Kig. 77 

cause we have not yet 

discovered where he is to sit. This we do know: that if B is to balance A 
he must have a “ moment ” of 600, and, since we know B’s w'eight, we have 
only to divide 600 by that weight, which will give B’s distance from the 
fulcrum in feet: 

600 70 lb. =« 8f ft. 

Hence it will bo clearly seen 
that the greater the distance at 
which the force acts^ the greater 
will be the tendency to turn; that 
is, the greater will be the “ mo- 
ment” of the force. Thus by the 
principle of moments we are en- 
abled to compare and contrast the 
efficiency of levers. 

Having thus defined the lever 
and various forms of applica- 
tion, together with tfie means ofj 
testing their efficiency, we are now 
in a position t<) exasnine various articles in the room which arc used as Icvert. 

A Dooft Handle. — Tho^first example is found in the handle of the^ door, 
which is turned in order to lift the latch or bolt w4icn entering a room. By 
means />f tbe spherical knob one is able fb exert a leverage On the bolt, 
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thus lifting it with case. A turning force is exerted on the rim of the knob 
(H^. 78). The rnoinent of that force will be found by multiplying the radius/ 
ol’ the knob by the force exerted. \ 

All X C =s moment of force C. 

Ill this case we cannot change the length of the lever, but the force can 
bo increased by exerting more muscular eft'ort, and thereby 
increasing the moment. 

A Key. — The door key is another example (tig. 79). 
Distance AB x force C = moment of C. 

The Bradawl. — This has a pear-shaped handle (fig. 
80). The sha|)o and size of the handle enables us to grip 
the handle with case; but its size docs more than that: it 
enables us b> exert a considerable turning moment on the 
handle. 

*^*■79 Again, distance AB x force C = moment of C. 



If either 
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the distance A B or the. force C be increased, the turning moment 
or effectiveness of the instrument will thereby be increased. 
You will readily undei‘stand that there must be a limit to 
the size of the handle. A very large handle would prove 
very uncomfortable had we to execute much work with it. 
Again, a large handle wouhl be retjuired only whore a largo 
force was neces.saiy. That would ordy bii in the case of 
large holes, and braiJawls are not suitable for boring large 
holes, as they do not remove the wixxl. What happens, 
then, w'hen we wish to Ixire large holes? 

The Gimlet. — Notice the peculiar arrangement of the 
|)arts. It is likera letter T. Why is this? Examine the 
lower part, and at once you notice that it will bore a fhuch 
larger hole than the bradawl we haye just been diwjwssing. 
ConstMjuently greater force will bo required for the<purpo6e 
bf turning it. This can be obtained in two w*ays: 

(o) By increaseil muscular .effort on t^ie part of the user, 
(h) By increased leverage. i 

On exHiiiinliig fig. 81, we see that the distance AB is 
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k much greater than it was in the bradawl. Hence the “moment" of C will 
I be gi’eater. Therefore, by exerting the same 
'mu.seular force at C os was done in the case of 
theibraxlawl, we are enabled to overcome a much 
greater resistance or bore a larger hole. You 
will see that, had the handle been made the 
same shape as the bradawl's handle, how in- 
convenient it would have been to grasp such a 
large handle. Further, there is a Umdency for 
the hand to slip round the smoc^th surface of 
the bradawl handle, w'hereas there is no such 
teridency in the case of the gimlet, the force in 
this CQ^ acting directly on the cross liandle. 

Another advantage gained by having handles 
of this particular shape is that much de(‘pcr 
holes can be iKU’cd. We have an extension of 
the “gimlet principle” in the auger. 

The Auger. — T his is an enlarged form of Msr fii 

gimlet used for Ix^ring large and deep holes 

(fig. 82). Extra force can 1 k 3 applied by the use of lx>th hands. The force 
exerted by each hand producx^s its own mo- 
ment. The sum of the.so moments gives the 
effective turning moment of tlui combined 
forces. Hence • 

Alb C -f AB.^ X (Jj = moment of C, -b 0,. 

Should the resistance be very great, the 
turning moment can Ixi increase<l by jMissing 
a longer bar “ lever ” thit)ugh the hatxlle. 

Note . — Augers are not used for manual- 
traiUing purposes, but reference is made to 
them^^ere for the piy’poso of explaining the 
principle. # 

"(iiE Brace. — Examine the brace. We find 
in it only anoiher«examph3 of the application 
of the lever. The particular shape is known 
a« the “crank”. (Fig. 83.) ^ 

• Again, the distance A B x force C = turning moment of 
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<li.stanco AB in thi.s case is clearly rnnch ^•cater than it was in the / 
hradawl and ^inlct. A^in, the j)eculiar structure enables us to exert a much 
greater muscular force. In the ^mlet the force was' 
exerted by the thuntb and fingers only, whereas in this 
example wo may grasp the handle at A firmly in the hand 
and exert force from the elbow and shoulder. This greater 
force is necessary by virtue of the downward force exerted 
at D. The distance AB cannot be indefinitely increased; 
otherwise, when in use, the 
brace could not be con- 
veniently turne<l. Tlie 
usual distance is 4 to 5 in., 
thus ffiving a “ sweep” of 
8 to 10 in. 

Various devices are in 
use for increasing both 
power and speed, but these 
do not come within the 
kik 8.1 range of manual training. fik. 84 

The Bench Screw. — 

This is another example of double leverage (fig. 84). When we wish to 
tighten the vice and grip a piece of work we exei-t forces at C^ and Cj; each 
force has its own moment, whidi will vary according to the position of the 
lever in the screw of the vice. The following will serve as examples; — 

(<*) Wfien Oie lever is centrally arranged. 

Ixjt the lever be 16 in. long, and suppose a pulling force of 10 lb. be 
exerted at Cj whilst a pushing force of 16 lb. is exerted at Cj, then — 

AgB X Cj + AjB X C, = effective uioment. 

8 in. X 10 lb. -h 8 in. x 10 lb. =» 160. 

o 

(b) When the lever is not rentrrdly arranged (fig. 85). 

Let the pulling and pushing force still be 10 lb. Then again we havo — 

AjB X C| -h A,B X Cj =' moment of Cg + C* 

4 X 10 + 10 + 12 = 

40 + 120 =» 160. ^ * 

Comparing this moment with the moment in the former example, we see 
that they are equal; hence the work done in each case is the same; 
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V (6*) When the lever w at one side and the diud forvee act at the free end 

g. H6). 

First, we must notice that a portion of the lever is lost in oonsotpience of 
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the diameter of the head of tlie screw. Assuming the diameter of the head 
to be 4 in., the free arm of the lever will be 14 in. long. Then — 


AB X C “ moment of C. 
14 X 20 = 280. 


(>mi[)aring this moment with tln^ moments in the previous examples it is 
clear that a great mechanical iwlvantage has lK*en gaineii, though the force 
applies! remained constant. 

The Lever of the Iron Vice. — This attbrds 
another example. It will lx? seen that the lever 
is short compared witl^ the lever in the “ wooden 
screw ” vice. The reason for this will be more 
readily seen when the action of the “ woo<k*n 
screw” and tlie “cam” of the iron vice is compared? 

The Grindstone. — When griiuling a tool we 
know that the tool is passed on the outer rim 
of the stone, lliis pn^ssure is acting at a (listance 
fixun the centre — i.e. axis of the stone — and varies 
as thewdiainetcr of the f^tone. The pressure on the 
tool inidtipliod by the radius of tlie stone will 
give |k moment which acts against, or resists, any 
effort to turn the stone, ilow is this to be overcome? Clearly it cannot^ 
be overcome by exerting myscular effort directly on the axle which {yisses 
through the stone. Let us examine such a case. ^ 

Suppose the stone to be 24 in, diameter (tig. 87), and the axle? at A 1 in. 
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(lidineter. The force C, due to prenHure and friction on the tool, we wil 
as.'jurne to be 20 lb. Nej(lectin^ all other conwderationH due to friction, &ci 
what liiuscular force would have to l»e exerted on the rim of the axle at A 
in order to turn the atone? • 

Turning moment ~ moment of resistance. 
Muscular force x J in. = 20 x 12 
= 240. 

Muscular force = 240 X 2 
or 480 lb. 



Clearly this cannot be done, nor is it advisable 
to try to do it when by lueaTis of the crank prin- 
ciple or lever we can reduce the expeiidjture of 
muscular ettbrt. I.*C‘t us therefore take the case of 
a crank arm and ascertain w'hat turning force must 
88 be exerted (tig. 88). 

Assuming the crank AB to lx* 9 in. long, we have — 
Turning moment = rcisistance moment. 

Mu.scular force x 9 in. — 20 x 12. 

\jt 1 r 20 X 12 

Muscular lorce = — 

Muscular force = 265 lb. 


Therefore the persop turning the atone must 
push with a force of approximately 265 lb. 

This could be reduced by increasing the 
length of the crank arm, but increase in this 
direction makes it inconvenient for turning. 
Or the pressure on 'the tool may l)e reduced, 
thereby decreasing the resistance of C. 

OKINDSTONE.S FITTED WITH 'TrEADLE. — 
Here we have an application of a lever of the 
second order, in which the weight is ibetween 
the fulcrum and the power. Let usjavesti' 
« ^ gate an example ffig. 89)i t 

^ \Ve will assui^ie the following conditions: — 

Diameter of stone 24 in.? small crank AB 3 in.; resistance 20 lb.; foot lever 
24 ill. long*, connecting rotl attiu:hed at E 12 in. from D. 
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Find the force which must be exerted by the foot at F. 

( Let us fii-st ascertain the force that must be exerted at B in order to turn 
he stone, and fjx)m that calculate the force that must be exerted by the foot 
• at F*iii order to pi-o<luce the nHjuired result at H. 

Again, turning moment - moment of resistance. 

Force at B x U = 20 x 12 

Km-ceatB = ^ 

Therefore the force of 80 lb. at B is acting through the connecting ro<l 
BK and tending to prevent the l(‘V<‘r 1)F Iwing moved by the foot. 1'he 
moment of resistance for tin* force will lie found by miiltipl^'ing the weight 
into the distance from the fulcrum at which such weight is acting. 

Hence we have — 

Moment at F = moment at K. 

Muscular force x 24< in. = 80 x 12. 

Force at F = = 40 11.. 

24 

The Bow Saw. — In order to prevent the narrow bla/le from buckling 
when in use it is essential that it shall be in a state of tension, i.e. subjected 
to a pulling force. This is accomplished by means 
of the frame into which the saw is fixed (tig. 90). 

F2ach side piece of the frame is a lever of the first 
order, the ends of the middle l)eam acting as ful- 
crums. The beam is nearer to the string than the 
blade. Let us .suppose that, in order to keep the 
blade tight, it is essential, to have a tensile stress 
of 20 lb. acting along the blade. What forje must 
be exerted at the top end of each lever in order 
to produce the required stress? The distance A(/ = 5 in. and AB «« 4 hi. 

Moment at B = fiioment at C. 

The force x 4 = 20 x 5 

The fojce = ^ - « 25 lb. 

The Mortise Chisel.— The mortise chisel when in use not only severs 
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the hbreH, hut Ih also used a» || lever foK 
reinovinjy the waste — i.e. core of tkfe mortise^ 
Here again is an example of the lever of the 
first order. 

The chisel is 10 in. long, and it has been 
driven IJ in. into the wood (fig. 91). It is 
found that a force of 8 lb. must bo exerted 
on the handle 2 in. from the top end in 
order to overcome the frictional resistance 
of the core. What is the lifting power at 
w the cutting end of the chisel? 

Moment at C = moment at A. 

Lifting power C X CB — force at A x AB. 

Lifting power C X IJ = 10 x (jj. 

rn- 10 X bI 

Lifting jiower = - 

1 

10 X lS_x t _ m 

1 y 8 ■ 8 

48i lb. 



Tlii.s problem should enable scholars to undei*stand why it is necessary to 
make mortise chisels so strong. Clearly a small force applied at the end of 
the handle is capable of exerting a fairly big moment, and, provided there 
is resistance at the other end of the lever, the moments of force and resistance 
are tending to break the chisel at the fulcrum B. 

The Pincers. — The pincera presents an example of a 
double lever of the fii’st order (fig. 92), the rivet at the base 
of the jaws acting as a fulcinim. This rivet is .situated much 
nearer to the “gripping end” than to the “power end”. 
Comparing these distances we find they are in the ratio of 
approximately 0 to 1. 

What w'ill be the ffrii>piRf? force of the jaw assuming that 
4he ends at A are drawn together with a force of fi la? 

Moment at C = iijOineut at A. 
Gripping force at C x jBC =» force at A x AB. 
Gripping force at C x 1 — 6x6. 

Gripping force C = 36 lb. 
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. The Whkn in Use.— We have an example in this coho of the 

U|^ of a bfent lever. (Fi>(. 98 shows the pincers os they would appear in 
actual use, and %. 94 shows the problem in dia^ammatic form.) 

* III order to find the up- 
right lifting force the length 
of the lifting arm must be 
measured perpendicular to 
the line of action of such 
force, 08 BC. The power arm 
is the distance AB. The dis- 
tance BC is exceedingly small 
as compared with AB, but it 
will be seen that the ratio is 
constantly changing as the 1 
nail is extracted. I 

Assuming that the ratio ris »3 Fig 84 

1 Kit ween AB and BC is as 

20 to 1, what force must bo exerted at A in order to oveiTome a resistfince 
of 200 lb.? 

Again, by the principle of moments — 

Moment of the force = moment of resistance. 

The force X AB = 200 IK x BC. 

The force x 20 = 200 x 1. 


The foi’ce 


200 lb. X BC. 
200 X 1. 


Hence by exerting a force of 10 lb. we are enabled to secure a lifting force of 
200 lb. This 200 lb. resistance has to lie supixirted by the material imme- 
diately under that part of the pincers which is acting as a fulcrum. Hence it 
is that we find a very light force exerted onsthc end tif the arms of the pincei’s 
is sufficient to ** bruise ” the surface of the work. 

Noix^Demonnirate Wiis fact. ^ 

Many*other examples of levers ifi connection with the tools used in'^the 
manual-training room will readily be found. 

Inclined Plane afid Serdw. — The IiycuNEn Plane.*-A 1I wedges afford * 
examples of the inclined plaee, and the principle was lightly touched upon 
^ when dealing with the cutting action of the c])isel. *We shall, however, find 
many other e^mples. 
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Thk Wkwie ok a Plane. — The wedge of the jack plane is £ 9 rmed hy 
two HUifaces which iiitei*Hect at an angle of about 10“. We have alreacw 
seen that — 

(a) For all action there is a reaction. 

{b) The reaction of a surface is at right angles to the .surface. 

Calculate the pressure of the we<lge on the iron of the plane and on the 
wedge abutments, assuming that the blow delivered 
on the end of the wedge is equal to a force of 20 lb. 

Let ABC (fig. 9.5) represent a section of the 
wedge, the angle at A being approximately 15", or 
such that the ratio of A C to C B is as 4 to 1. The 
force of the blow as shown by the arrowhead acts 
parallel to A C, and the reaction of the surface A B 
(Rj) is at right angles to A B. Similarly the re- 
action of the surface AC (R^) is at right angles to 
A C. Then by the triangle of forces we caii deter- 
mine the value of each. 

From (v draw C 1) perpendicular to A B, and from B draw B D perpen- 
<licular to BC. 

Then the triangle BCD reprtJsents the magnitu<le and direction of each 
f>f the forces. 'Phat is, B 1) represents a force of 20 lb., but BC : B D as 4 : 1. 

BC = 20 X 4 = SO lb. and DC » i/20'‘ -b SO^ = S;} lb. approx. 

I'hat is, R| = approximately SS lb. iumI R.^ = HQ lb. 

Note . — The wedge is retained in position due to the friction set up between 
the surfaces of the wedge ami the B\irfaces upon which they rest. If the angle 
were large the ettectivenesS* of these forces wouhl be considerably' rt'ducecl, and 
there wouhl be a tendency for the wedge to slip back. 

'Phk ('hisel used for Splitting Woon. — The chisel is often used for 
the puri)ose of splitting pieces of wood. By comparing the force.s necessaiy 
to split pieces of wockI differing in kind, but having the .same dimensions, an 
tfpproximate estimate of their relative toughness can, be formed. The tough- 
ness is due to the interlacing of the tibrss and cohesion of the partickss. 

A tinner chisel, having its face and sharpening bevel inclined .at. 35®, is 
«■ uswl for splitting a piece of wood. It is found* necessary In deliver a blow 
act^ig on the handle with a downward force pf 30 lb. in order to split the 
wood (fig. 96). 

(n) Fhiil the resistance^ at the surfaces of the chisel. 




SCIENCE IN MANUAL TRAINING 


93 


i^COT'SS 


(b) Find the I'cctaugular components of the foi-ce duo to the reaction of 
the inclined face of the cliisel. 

Applying the triangle of foix*eK, and drawing 
our figure to scale as follows: — 

Let AB (tig. 97) represent the foi’cc due to the 
blow in magnitude and direction. 

From A draw AC at an angle of 55” to A B. 
'rids repre.sents the direction of the force du(i to the 
action of the inclined surface. 

From B draw B D at right angles to A B. Then 
B D represents in mag- 
nitude and direction 
the force due to the 
action of the face of 
the chisel. 

A 1) represents the 
magrdtude of the force 
exerted by the inclined 
surface of the chisel. 

If these angles Ik* 

carefully plotted out it will lx* found that they are (o one another approxi- 
mately in the ratios fS : 4 : 5. 



Fig. 98 



Fla. i»7 


AB = 3. BD = 4. AD == 5. 
and since AD = a force of 30 lb. 

BD = „ „ 40 1b. 

and A D — „ „ oO lb. 


Having determined the value of each force, we have now to consider the 
rectangular components o^ the force exerted by the incline<l face of the 
chisel. Upon careful examination it w ill ,be found that the same triangle 
represents these forces, but the sense of the horizontal comiKuients must be 
reversetL reverse arrowheads. This being the case, the horizontal force dift 
to the inclined face is equal to the f4i*cc exerted by the perpendicular foo* of 
the chjtwl. That is, the blow delivered on the end of the chisel handle acts 
with outward h^izostal fonccs of lb. • 

The Screw. — The screw ii^y be considered as a further illustration of the 
inclined plane, but instead of the inclined surface* continuing in a direct 
straight line dt is arranged, or wound, round* a cylinder. This can readily 
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Ije illuHtrated by winding a triangular piece of paper rotand a cylinder as 
shown in accompanying figure (fig. 98). Cut a long acute -angle triangle 
from a piece of paper and wind it round a cylindrical piece of wood ks 

shown. « 

The top part A shows the screw-like 
appearance, whilst at B is shown the free, 
unwound portion indicating the true shape 
of the plane. 

The screw has the advantage that it 
institutes a very long inclined plane which 
can be continuously actuated by rotating 
Instead of moving in a direct line through 
a great distance as in the case of an ordi- 
nary wedge. 

Thread and Pitch. — The inclined 
edge which winds round the cylinder is 
known as the “thread*', and its inclination 
for any given cylinder is determined by the distance from any point on the 
thread to a corresponding point after the thread has traversed once round the 
cylitiiler as shown at 0 D in fig. 98. The distance is known as the “ pitch 
Value or Work Done. — The amount of work done by the “turning 
force” exerted whilst tuniing the screw through one revolution Cfpials the 
amount of work done by the pushing or pulling force of the screw acting 
through a distance etpial to the pitch. That is — 

F = turning force exerted in pounds (lb.). 

C = circumference traversed in inches, 

P =* the pull or push of the screw, 
p = pitch of the screw in inchea 
Then F X C = P X p. 

This calculation makes no allowance for “ fric- 
tion ’* between the ^rts, which w^ll vary 
according,^ to the material of which yie screw 
is composed and the condition of the surfaces 
of contact. It wilj> be well to, estimate this at 
70 jier cent for ^iron screws and 80 per cent 
for wooden screws. 

The Bench ScREw.-^jPro6iatn- — What force 








SCIENCE IN MANUAL TRAINING 95 


cfth be exerted by a wooden bench screw under the following conditions 
(fig, 99)? 

Turning force 20 lb. 

, Diameter of screw 2J in. (circumference = 2J in. x 3f in, « 7^ in., 
approx. 8 in.). 

Pitch of screw } in. 

Friction 80 pi^r cent. 


Then F x C = P x p. 

20 X = P X J 
„ 20 X 55 X 4 4400 ,, 

P = 7x3 = “21 ">• 

But only 20 per cent or J iis effeef ive. 


net value of P 


4400 ^ 880 
21x5 21 


41 Jf lb. 


Other examples will be found in — 

(а) The screw of the cramp. (d) The mortise gaiigo. 

(б) The bench h<)ldfast (r) The G. cramp. 

(c) The marking gauge. 


iVo?e.--It must l)c clearly lx>rne in mind that many conditions enter into 
the calculations of such a problem which it is not within the province of 
manual training to touch upon. All that can be done here is to acepmint 
the scholars with the jninciples underlying such problems. 

Centrifugal Force.*— A thomugh investigation of problems relating to 
centrifugal forces would carry us lx*yond the range of manual training, yet 
the subject sliould not pass unnoticed. 

Centrifugal force is that force by which all l)odies moving rounfl another 
body in a curve tend to oH' at any jKant of their motion in tin; direction 
of a tangent to the curve. 

.Sufficient evidence of this tendency wilf lx; found in the familiar example 
of boys throwing pug from the end of a stick, or in the case of the sling, l^y 
means 8f which stones ^n be propfilled to an enormous distance. Hoys arc 
familiar Vith the fact that the distance to which the stone jcan be propelled 
deperids nipon three jeonditions: 

(a) The weight of the skme. * 

(5) The length of trfe string. t 

(c) The rapidity with which the striiTg is tume«L i.e. velocity. 


scores 
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For a portion of the journey the object (pug or stone) was compelled to move 
jii a circular path, but when released fi*uin the stick or string it endeavoured 
to travel in a straight line; but the pull of the earth (^avity) caused it 
gradually to appnMch the earth and tinally brought it ro a state of rest. ^ 
. It is evident that for the missile to have continued travelling on its circular 

path for a given pericxl some force must have been exerted, and tliat it was 
only when this force was overcome or ceased to act that the body flew off 
in the straight line, i.e, tangential to the path of rotation. The force acting 
was that known as centrifugal force, and it can be accurately measured. 

KmmpU. — Take a stiff* piece of elastic or rubber, such as a boy would 
use in making a catapult. Attach a weight to one end. Now whirl the 
Ixxly round in a circle, and it will readily be seen that the faster the btxly 
is whirled the more is the clastic stretched. Determine the amount by which 
the elastic is stretche<l for any given numlx^r of revolutions per second. 
Having determined the amount of elongation, now attach the piece of elastic 
to the end of a spring l)alance, and pull on it until the elastic is again 
stretched to a distance equal to the amount of stretch due to rotation. The 
reading on the balance will give approximately the value of the centrifugal 
foi’ce. 

Should .several experiments be tried, varying the conditions (n), (/>), (r) 
formerly stated, their influence will be determined. 

Suppose a body to be revolving with a velocity of 10 ft. j)er second, and 
the ladius of the circle bj be 2 ft IMvide the .sf|uare of the velocity by 2 
(10* -r 2 — 50), and the pressure is such that, were it to take the place* of 
gravity, the weight being allowed to fall would at the end of 1 sec. have 
acquired a velocity of 50 ft per second, which approximately is the case with 
btxlies allowed to fall freely to eai*th. 

Now, the centrifugal forcti exerted by any given weight moving under 
these conditions will be such a proportion of the weight as 50 is to .S2. 
Suppose a weight of 5 lb. is moving under the above conditions, what will 
be the amount of the centrifugal 101*06? Tlicn-- 

• 50 5 250 

• 32 ^ 1 ~ 32 ' ^ 

^ We have examples of the application of theoe prinvipler in the use of 
the l^ammer and the mallet ^ 
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INERTIA, MOMENTUM, FRICTION, TENSION, COMPRESSION, 
STRESS, STRAIN, IMPACT 

These are teniis in frequent use in tlie classroom, but siwiee will only 
pci-mit of these being mentioned in a general way. 

In6rti& is that property which all matter poHsesses, and which caUHes it 
to remain at rest when in a state of rest, or to remain in motion once in a 
state of motion. Examples will be found in all tools which, under ordinary 
conditions, remain in a state of rest. Force must bt^ exerted in order to 
overcome the inertia of the tool. The force used in the manual -training 
classroom takes the form of muscular effort, the effectiveness of such force 
being increased by judicious use of the various mechanical principles already 
considered. 

One familiar example of the property of inertia will be found in the 
various planes used. . When we desire to hK>sen the wedge we d<» not apply 
our force direri to the we<lge, but strike the liody {ntock) of the plane. Why 
is this? The reason is that both stock and wedge are in a state of rest, am' 
will remain so until some force is brought to bear upon them. The blow 
delivered on the stock overcomes its inertia and sets up motion, but tin 
blow did not act directly on the w^edge, therefore its inertia tended to keej 
it in a state of rest. We have, then, the wedge remaining at rest whilst the 
stqck is in motion, and consequently the wedge is released from the stock. 

Other examples occuj; in the driving of nails, turning of screws, &c. 

Momentum. — When W'e consider masses in motion we can readily per- 
ceive that, given that a l>ody of known mass moves with a certain velocity, 
it will be capable of exerting a certain force; and, further, should either the 
mass or the velocity, or both mass and velocity, la; increased, then the force 
exert4»d by such moving mass will l>o increased. Similarly, if either mass 
or velocity l3e decreased, then the resultanU force is decreased. The measure 
of the force wdiich mass in motion is capable of exerting is called the 
“momei^^um of the It is found by multiplying the number of 

units of ^lass by the numbtir of units of vehxiity. • 

Tlips much of the work performed by the various toolk is due to the 
effect of rnomen|/Um 4n oveicoming the resistances against which such tools 
operate. ^ • 

The Jack Plane.— Let us suppoM the c^e of ^ jack plane having no 
weight (maas); under these conditions, all the work done wrould bo-^he result 

(C61«) 
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of (lirtwt inuHcular effort in causing the cutter to move forward against the 
rcHistance of the wcxxi. But the stock of the plane has weight (mass), and 
when we impart a velocity to this mass the foixie exerted by the product of 
mass an<l velocity is ca{)able of overcoming a much greater resistance, thus 
relieving us of the necessity for exerting sc^ much muscular effort (force). 

The truth of this staUunent can l)e teHU‘d by making a comparison between 
the amount of effort rc<|uired to push forward — 

(o) A smoothing plane, 

(/>) A jack plane, 

(r) A trying plane, 

(d) A jointing plane 

The con<litions under which such a test must lx*, carried out are as follows: — 
{n) Planes e<|ually sharp. 

(/>) K<pial amount of cutting iron in action. 

(e) Set to the same degree. 

(d) Applied to the same piece of wood. 

(e) Moves! with the same velocity. 

The II.\mmer. — The ettbetiveness of the blow from a hammer depends 
upon its moiiientun). For any given hammer the mass remains constant, 
but it is evident that the velocity can be varied, arid therefore its mo- 
mentum can be vane<l. When we wish to deliver a light blow wdth the 
hammer we do so by actuating the hammer from the w'Hst, thereby reducing 
the length of the arc through which the head moves in a given time, thus 
re<lucing its velocity. Should a heavier blow be required, the hammer is 
then actuated from the elbf)w, thereby increasing the length of arc through 
which the head travels, thus increasing the velocity, provided the hand moves 
with the same velocity as in the previous example. Again, the velocity can 
1)6 increase<l by actuating the hammer from the shoulder, and thereby in- 
creasing its momentum. If necessary to exert a greater force, then the 
ihoinentum must be increased by taking a hammer having a longer handle, 
or heavier head, or by combining both. 

Conn)are the momentum of light and heavy hammers, short- and long- 
handled hammei*s. ^ ^ 

Experiment . — Take a piece of pine or poplar and deliver blows upon the 
surface, striking from — 

(o) The wrist; (f*) the elbows (e) the shoulder, 
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the rate of revolution to be the same in each case. Compare the eHects of 
the blows. Repeat the experiment, using a heavier hatrimer. Repeat the 
experiment, using a heavier hammer, with longer handle. 

Having enquired into the effect of masses moving with varying velocities, 
and ascertained that; by incre^iHing either the moss or velocity such a Ixxly 
is capable of imparting greater force or executing a greater amount of work, 
we are in a position to understand the value of the heavy “ moss ” possessed 
by the grindstone. Tliis mass, revolving at a fairly high rate of speed, 
i.e. rim velocity about 800 ft. per minute. ac<juires an enormous momentum, 
and thereby is assisted in overcoming the resistance set up by the pressure 
on the tool being ground and reducing the amount of muscular effort to be 
exerted. This reduction cannot take place until the “ inertia ” of the stone 
bos l)ecn overcome and “ momentum ” acquired. Thus, theoretically, the tool 
should not be applied to the stone until the stone is running with the maxi- 
mum velocity and momentum; in practice the t(X)l is adjusted on the stone, 
but the full amount of pressure is not exerted until the maximum velocity 
has been attained. 

Reference can l>e made to the ffywhccl on an engine, which, by virtue of 
its momentum, regulates and causes uniform motion in the working parts 
of the engine. 

Friction. — When two bodies are in contact there is a Uunlency in such 
Ixxlies to resist sliding motion. This resistance is known as “ friction The 
amount of friction varies according to the nature of the surfaces in contact, 
and increases in propor^on to the increase of mass in the sliding Ixxly. 

The velocity of moving bodies does not affect the “amount” of friction, 
but it flotis influence the effect of friction, as will be seen hereafter. 

Friction acts as a mechanical agent in delaying the action of a force, but 
cannot of itself genenitc force. One of the greatest difficulties which the 
engineer has to face in the case of machines is how to overcome the resist- 
ance to sliding. • 

We sliall find that friction plays a very important part in our manuaj- 
trainingk lessons. t 

Exff9iinent . — Compare the fricticiial resistance of various kinds of woods 
used in (Jie manual-training lessons. This can be accomplished in the fol- 
lowing manner;* Pr(^re pieces of wood, of various kinds, alx)ut 24 in. by 
3 in. by ^ in., having one surface pjaned smooth and true, the other sur- 
face being allowed to remain rough. Next prepare blocks of wc^ about 
3 in. by 2 in. by 1 in., having one surface smooth and the other rough. The 
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Irtix*? pit'OeH will Herve as inclined pianos over which the smaller pieces can 
slide. 

Rest the plane in a liorizontal |X)sition, havinjjr its smooth surface upper- 
most, and on it place one of the small blocks having a smooth surface in • 
contact with the plane. Now gradually mise one end of the plane until 
the block C coininonces to slide down the plane; then measure the angle D 
by means of a protractor (fig. 100). 

What cau.sed the block to remain at rest whilst the plane was moving 
through varying angles until it arrived at D? What caused it to slide down 

the plane when the angle 
D was reached ? 

In the tirat case wo 
have seen that gravity 
is acting on the mass 
and tending to pull it 
towards the Carth. This 
pull is measured in terms 
of “ the weight of the 
mass and, whatever 
be the inclination of the 
plane, this force con- 
tinues to act vertically downwards from the centre of gravity of tlu^ mass; 
but having move<l the plane through a small angle, it is found that the block 
continues in a state of rest, due to the resistance tq sliding of the surface. 
When the plane wjis in a horizontal position the forces acting — i.e. the weiglit 
of the mass and its reaction — were mutually perpendicular to the plane; but 
iinmediately the [dane is inclined, then these forces are not acting in the 
same straight line, for, whilst the weight of the block is acting vertically 
downward, the reaction of the inclined plane is at fight angles to its surface, 
as in fig. 1(X); but two forces cam produce ecpiilibrium oidy when they act in 
the same straight line and arc e<|ual and opposite. Clearly, then, if the block 
remains at rest, some other force is acting on the blqck, and in this pase the 
forct! is due to friction. This retarditig? force must act in a lino |H>Tallel to 
the surface of the plane ami up the plane. When the plane has beei\ suflfi- 
' ciently inclined to ensure that the action of the two forcen — i.o pull of gravity 
(wei{;ht) and the reaction of the plane — is sufii<^ient to move the block from 
a state of rest, then it is' that Uie tw'o forces are just slightly in excess of the 
third force, which we have seen is due to friction. By applying the principle 
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of the triangle of forces, each force acting can In? detinitely measured. 
Fig. 101 shows in a diagrammatic form the ratio of these forces. 

The experiment should make quite clear the fact that this triangle is 
• true only in the case where the Ixxly coiiiinences to move. It is clear that 
a.s the plane is raised the sides of the tri- 
angle forming the right angle vary, whilst 
tlie hypotenuse — representing the weight 
of tlie ma.ss — remains constant. Therefore 
the eorrc^ct angles for the triangle of forces 
will be determined when the plane has lM*en 
lifted through an angle sutficiently to cause 
the body to slide dow’ii the plane. 

Having performed the ab(jve ex[)eri- 
ments, and compared the frictional resist- 
ance offered by various materials under 
varying conditions, we are now in a fX)si- 
tion to investigate a few of the problems of tie* manual-training r(K)m. 

The Bench ScHEW,- This, l)eing made of W(sk1, offers considerable re- 
sistance to motion, due to the friction lx‘tween the .sliding surfaces, and we 
have seen the amount of friction is in pro{K)rtion Uy tlie maas (or pressure 
on the surfaces in contact). 

It will readily be undei-sUxsl that when an object is Isdng gripped in the 
vice the force of this grip is transmitt(*d to the surbu*es of (he screw in 
ctmtatd-, thereby settii^ up an enormoiis amount of fricfion, ami until the 
resistance due to friction is overcome there can Ik* no imdion; hence much 
of the force exerte<i on the eml of the turning lever is e.xerted in over<*oming 
this resistance. VVe have further notice<] in our experiments that the harder 
and smoother the surfaces in contact the smaller is the amount of friction. 
The bench screws are made of Ixicch, which is by no means one of the hardest 
of woods; but it has many other mlvantages fitting it for such a use. There 
is then a considerable amount of friction between two surfaces of beech. 
In order to reduce thijj friction the screw is coated with black hxwi (pluni- 
Imgo), which fills the pores of the wiod and presents sm(K>th working surfaces. 
Blacl^ lead has the diswlvantage that it cAn be used obviouslj' only on surfaces 
which have not to he handknl. ^ • 

The Screw of the Maj^kino Gauge. — We have seen that these fiprews 
are made of boxwood, which is an extremely haixfwood, and which can Ik* 
brought to an exceedingly smooth surface, thua reducing the ’amount of 
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Brnna .(i*by no ineana the strongeat and beat material for withstanding 
tensile forcj^a; yet seeing that its ultimate tensile strength ia approximately 
2(|iQp0 lb. jxjr anuare inch, it will readily be aeen that a thin band of brass 
wH answer all requirements of the chisel. ^ 

Nails vebhu.s Screws. —Reference should be made to the advantage of 
using .Horewa as compared with nails for fixing the parts of a structure to* 
gether which are likely to be subjected to tensile stresses. 

Nails having a continuous unbroken surface can grip the wood with a re- 
si.stance only equal to the amount of friction and compression set up, and due 
to the displacement of the fibres of the wood whilst the nails are being driven 
in; whereas with screws the flange — thread — cuts into the wood and ofters 
a direct resistance to tensile stresses apart from compi-ession and friction. 

Refer to other examples in the room of bodies in tension. 

Compression. — When we so press on a body that we make it occupy a 
smaller space we are said to “compress" the body. That is, a given quantity 
of matter is made to occupy a smaller volume; hence it becomes denser. 
Forces which tend to compress bodies are known as compressive forces, and 
th(^ Ixxly so compressed is in a state of compression. 

Experiments, — (a) Take a piece of soft wood, and, having carefully 
measured its thickness, fix it in the vice and screw it very tightly. Undo 
the screw and measure the thickness again. What do you notice? Why? 

(6) Deliver a few heavy blows with a hammer on the surface of a piece of 
soft wood. Where is the material that originally filleii the hollows mode by the 
hammer? What has been done to fibres of the wood struck by the hammer? 

(c) Take the point of the hammer, and, rubbing in the direction of the 
fibi-t‘s of the wood, so form a grtiove. What has been done to the wood where 
the gixxive is so fonned? 

(</) Take a piece of wood about fi in. by J in. by J in. and fix it in the 
cramp with its ends against the jaws, and tighter^ the screw. What causes 
the piece of wocxi to bend? 

(c) Deliver a heavy blow with the mallet on the handle of a chisel. What 
happens to the fibres of the chisel handle? What happens to the fibres of 
the ^mallet head ? ^ 

Explain whydt is that mallet heads often split after being much used, 
t (/) Drive a large nail into a piece of wo^ ^nd th^n split the* piece of 
wood so as to show the effect of the nail on t^e fibres of the wood. What 
ettecl has the nail on tke fibres of the w^ood? 

Refer to examples in rooiii of bodies in a state of compression. 
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CHAPTER XII 

Geography of Manual Training 

Qonaral. — Trees, like animals, are found growing in nearly all parts of 
the world, and just as w'e find characteristic animals so do we find 
characteristic trees in the various parts. From the northern snowline to 
the southern snowline vegetation of some kind exists, and from sea level 
to the snowline of the various mountains of each and every country there 
is vegetation. 

The very exisUuice of man depends upon the existence of such 
vegetation, and the comfort of his dwelling is dependent upon the trees 
found, for in every part of the world where man exists we find hiiii 
a<lapting timber to his needs in framing his houses, and in providing 
furniture and utensils for use in the home. Even to-day, w'hcn we live 
in what might be termed the “Iron Age”, we cannot do without timber. 
The natives of the tropica, whose liabits and customs are of the rudest, 
and who provide themselves with little or no clothing, yet find it necessary 
to provide themselves with shelters for protection at night. These have 
a rough framing of wood and a covering of mud, grass, or leaves of some 
kind. 

Consider, too, the ijiiestion of fires, and think of the enormous (juantities 
of Wixxl consumecl for the purpose of providing warmth and for cooking 
food. 

In many countries nothing but wo(xl is ust*d in the construction of 
houses, and wo<xl forms the chief kind of fuel. 

We are so familiar with its use, and consider ourselves so well supplied, 
that we take little heed of the sources of supply, and think but little of the 
provision for the future. This is an erjor for which future generations 
will some day suffer. It is essential that the «|ue8tion of forestry receive 
more attention than at present. It is in the manual - training lesson that 
much cyi be done to* encourage |an interest in this question, and^ the 
schola^s led to take up the planting of trees. 

Migration ff — J'rees, unlike animals, have not the power to« 

move about in search of fo^, or to cliknge their habitat if the prevailing 
conditions are unsuited to growth. 'Where they are born there they live 
and die, entirely at the mercy of circumstances. Should the soil contain 
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tlio neccHsary foo<i elements, should the climatic condition prove suitable, 
they may thrive; if these fail, death may take place. 

Whilst the trees thernselves luive no power to migrate. Nature has 
made wonderful provision for the distribution of trees to all parts of the » 
world. Examine the seeds of different trees. Is it not the case that many 
arij provideil with a wing-like or/Jowny ap^iaratus which enables them to 
float in air and thus be earned from place to place by the agency of the 
wiml? Do we not find that seeds form the staple food of most birds, 
who carry them many miles to their nests, dropping many or even passing 
many through tlndr system in an undigested form? Is not this a favour- 
able means of transferring seeds from the fertile lowlands of a country 
to the up|>er and more mountainous regions? Again, do we not find that 
many .seeds float in water, and hence are carried along by any tiny little 
stream as well as by the mighty streams and vast oceans? Seeds thus 
tran.sf erred are at the mercy of the elements, and, for the few that fall 
on suitable soil and survive, many millions perish. 

Man has now liecome the great distributing agent. We find him 
rearing young plants in protected situations, and later transferring them 
to the less -protected open spaces he wishes to cultivate. We find him 
taking trees from one paH of the globe and transplanting them in another 
part, watching and tending them, and doing all wdthin his pf>wer to enable 
such transplanted trees to adapt themselves to the changed environments. 

Indigenous and Exotic, — It has been stated tliat trees, like animals, 
are characteristic of certain localities. Where trees are found growing 
naturally or forming part of the original flora of a country they are said 
to bo inditjeTWua (indigenous ~ originating or produced naturally in a 
country or climate), but in cases whei*e they exist, but it is known that 
they have been transferred by man to such countries, they are said to be 
exotic (exotic =» introduced from a foreign country). If we are to take an 
intelligent interest in the question of timber production, sources of supply, 
and commercial value we shall at once be led into a study of the geography 
of the world. We must pass in review each country, studying carefully its 
cliivate, soil, rainfall, rivers (w'hether ruch rivers are navigable <or other- 
wise), coast line, people, animals, and even its railway systema tliis in 
itself would form a complete study, yet somehow time insist be found in 
our manual-training lessons to point the W'ay\’ to such an interesting study. 
Only the fringe can be touched in this work. 

^ t 
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EUROPE 

Europe is one of the five continents into which the land of the globe is 
• divided. It has an area of about 3,7p0,000 sq. ml. It is dividwl into many 
countries and is inhabited by various races of people, with different habits, 
customs, and language. The population is estimateil roughly at 400,000,000. 



, Kig 1(W 

. • * * 

CuMi^TE. — The climate of Europe is very variable. Tfie variability is 

largely due to its jposition •relative to the various seas which surround 
the peculiar arrangement of|the mountain chains, which, running east, and 
west, do not offer any imp^iment* to the winds* and currents borne in^ 
from the Atlantic and the large inland seas. • ^ 
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In the northern area the winter is extremely cold, lasting for about 
4nne nioiiths, during which time the rivei*H and seas are frozen over and 
vegetation is at a standstill. The summer, which is short, is, however, 
coinparativciy hot, and vegetation progi’esses rapidly. 

The southern area enjoys an exceedingly fine climate, snow and frost 
are seldom, if ever, seen, and vegetation flourishes uninterruptedly. 

In the central area the four seasons are more nearly uniform in duration. 
The winters are cold, but not so excessive as in the northern regions, whilst 
the summers are warm, and vegetation conforms to these seasonal changes. 

Soil. — T he soil throughout Europe generally is very fertile, and trees 
are found growing in practically all parts except the Steppes, which consist 
of low, treeless plains. 

Rainfali.. — By virtue of its .surroundings and the arrangements of its 
mountain mnges, Europe is abundantly supplied with rain, which is, to a 
great extent, uniformly distributed throughout the various seasons. In the 
southern area, however, whilst the rain is abundant during the three winter 
months of the year, there are often long di-oughts during the summer. 

Rivers. — Europe is abundantly supplied with rivers, and these play an 
important part in serving as waterways for the transport of her commerce, 
of which the supply of timber forms an important part. 

The chief rivers are shown on the accompanying map. Tliey are: — 

Vol(ja and Untl, which flow into the Caspian Sea and drain an area of 
850,000 8<p ml. Danube^ Jhiieiiter, Dnieper, Don, which flow into the 
Black Sea and drain an area of 900,000 sq. ml. fider, VUtnhi, Niernen, 
Divina, which flow into the Baltic Sea and drain an area of 900,000 8(j|. ml. 
Rhone, JCltro, Po, Tif»e^% which flow into the Mediterranean and drain an 
area of 250,000 sq. ml. 

There are, of course, many smaller rivers, and though some are only a 
few hundred miles in length, yet they too serve as waterways, enabling 
timber to be brought from the ulterior. 

The Coast Line. — Europe possesses a greater extent of coast line, in 
pi*oportion to its area, than any other continent. ^ There is approximately 
1 ipl. of coast line to every 190 mV of area. This fact, coupled with 
the many navigable rivers, has largely contributed to her commercial 
. Huprmuocy. With few exceptions the countries of Euix>pe«have important 
towns on the coast which command the expert and import trade. It is 
not difficult to understand that such' towns are necessarily at the mouths 
of the varrious rivers. 
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Principal Trres. — In the southern repon the vegetation is inoa» 
tropical in character, but even this region produces such trees as the 
walnut, box, and mulberry. The central region produces the ash, alder, 
• beech, birch, chestnut, elm, hornbeam, holly, larch, lime, poplar, pear, willow, 
pine, fir, and many others of a less important character. 

Principal Towns engaged in the Timber Trade. — Reference to the 
map will show at a glance the general outline of the country, with its 
rivci*s and towns engaged in the export of timljer. Tlie details can Ih^ 
amplified by reference to the large wall maps. A map of the world is 
essential for every manual -training chissrooin, and should be freely used 
during the lessons on timl)er. 

Forest Areas. — The British Isles at one time contained vast forest 
areiis, but owing t(i rapid increase in the population these (piickly dis- 
appearo<l; one of the finest now remaining is the New Forest. In .Scotland 
there are extensive forests, especially in Aljerdeenshire and Inverness-shire. 

Norway and Sweden. — These countries are well wocslcd and produce 
principally pine, fir, birch, maple, and some oak. 

Russia and Poland. —These countries produce enormous quantities of 
tinil)er. It is estimated that there are 200,000,000 ac. of cone-ls*aring 
trees, as pines, fiis, &c., in addition to which large quantities of oak, beech, 
birch, maple, poplar, and hornbeam are yielded. 

The principal forests are in the north, al)ove latitude 65”. 

Practically three-fourths of this vast area is covered with forests, the 
pnsiuce of which formJi one of the main sources of revenue to the country. 
The Ooveniinent sin>ervise the forest areas in order to prevent waste, and 
the arrangements are such that certain areas are exploited annually and 
fresh trees planted, wi that when the cycle hivs ls‘cn completed the first area 
is again re^dy for cutting. 

Many of the roods in Russia consist of tree trunks si retching across the 
road and laid side by side for many miles ^cordun>y romls). 

Few ash trees are found in this region. 

Pitch, turpentine, Rn<J tar are largely exix)rted from Russian ))orts. 

OERmNY. — It is estimated thatlabjut one-third the entire area of ^.his 
country ip covered with forcsta yielding pines, firs, oak, ash* chestnut, horn- 
beam, poplar, eliu, nmple, b«?ech, birch, lime, and walnut. 

Austria-Hungary. — A re|p about 264,000 sq. ml., of Mdiich about 8^000 
sq. ml. are covered with forests, the charac^r of*the trees being similar 
to those mentioned for Europe generally. 
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Denmark haa but few forosts, and an effort is being ^ extend these. 
Holland is fairly well wooded and supplies the 'usual varieties of 
European woods. * 

France, whilst possessin^^ numerous forests, has many demands upon 
its Hupplios, and therefore exports but little. 

Spain and Portugal have but few forests; they are, however, the chiel 
countiies whence are drawn the supplies of cork, obtained from the cork 
oak {Qitervits Suh>r). 

Italv, whilst not jx)S8essing many forests, is noted for its walnut 
Turkey. — In this country are found extensive forests of oak, walnut, 
sycamore, lx*ech, chestnut, maple, box, and many fruit trees. 

SwiTZERi.AND abounds with forest trees, the principal being pine, fir, 
oA, and beech. 

AMERICA 

Aimnicii consists of two great continents stretching from the Arctic 
region in the north to the Antarctic region in the south. The total area 
of these vast continents is about 16,000,000 s(j. ml., with a population of 
over 80,000,000. These continents are subdivided into many countrh^s. 
For the purpose of this work these divisions will lie treated as follows: , 
( 'anada, United States, Central America. South America, 

Canada. — Canada has an area of 3,654,000 sq. ml. and a population of 
approximately 5J million, giving an average of about two persons per 
Mtpiare mile. About one-tenth of this area, chiefly, that portion lying to 
the east, between the coast and the Great Lakes, is inhabited. 

Climate. — The climate is exceedingly healthy. Though extremely cold 
in winter the Btillne.ss of the air prevents undue inconvenience. Towards 
the coast the atmosphere becomes much more humid and the temperatt^e 
more uniform. * 

Soil. — This for the most pari, is extremely fertile, and trees are found 
gi-owing in all parts except the central plain. 

' Rainfall. — Tlierc is an abundant rainfall, but this is very uniformly 
distributiHl throughout the year. Much snow falls throughout the winter 
months, but thijf only serves to improve the condition of the land and the ^ 
quality of the timber produced. < «- ,« 

River-s. — Whilst this country possesses many tine rivers, the chief water- 
way serving for the transport of timber is the St. Lawrence, including the 
Great I.<Rlces, flowing into the Atlantic Ocean. 
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The iAiporianc^^f^thu} waterway througli the southern aitsa of Canada 
cannot be overesSnuited. The river, rising as it does in Lake Superior,^ 
Ijasses in an urftroken line to the coast, — a distance of over 1800 ml 
^ There are many rapids in its coiiine, but these have bc^n overcome by the 
fonnation of canals. The many lakes through which the river {passes are 
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fed by numerous smaller rivers, which, though not navigable for any gre«t 
distance, ^et serve for Ae transportiof timber from the more remote |girts 
^ to thii? great commercial highway. The area thus drained is 380,000 sq. ml. 
The western co^t lyie is v^ry broken. The chief port lies to the south, at • 
the mouth of the Fraser Rivy, i.e. V^'anc^uver. The Fraser River Hows into 
the Pacific Ocean. ‘ • 

Coast Line. — W hile possessing a great length of coast line, the greater 
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portion lies to the north, and is frozen for the greater part of the year. 
The eastern coast, south of parallel 50°, possesses th^ important ports of 
8t. John and Halifax. The great commercial centres are' situated on the 
St. Lawrence, hundreds of miles from the coast, i.e. Quebec, Montreal, 
Toronto. 

Pkincii’AL Tref>j and Forest Areas. — The vast forests in this area are 
probably the most important and extensive in the world. More than one- 
lialf the total area is covered with these forests, i.e. approximately 2,000,000 
H<j. ml. Canada annually exports timber to the value of nearly £6,000,000 
sterling. 

Trees. — This fertile region produces about sixty different kinds of trees, 
the timber of which has distinct commercial uses. The most impoilant are: 
Pines, fir, cedar, birch, maple, oak, beech, ash, elm, poplar, hickory, butter- 
nut, black walnut, and many fruit trees. 

Lumbering. — This term is applied in a general way to the timber in- 
dustry. Men engaged in this work are known as “lumbermen”. During 
the autumn months lumber parties are formed. They make their way up 
the various rivers, and select suitable places for pitching their camps. The 
work of felling proceeds during the winter months, whilst the streams are. 
frozen. When the snow and ice begin to melt, the streams are swollen and^iJ 
carry down the timber to the main streams, where the logs are formed into 
rafts which float down the St. Lawrence to the various sawmills. They are 
then cut into stjuarod logs ready for export. 

United Stat^ — The United States occupies the central region of North 
America, extending from parallel 49° in the north to parallel 25° north. The 
area is about 8} million square miles, and the population over 76,000,000, 
roughly about 26 to the square mile. 

( 'LIMATE. — In a region so vast almost every conceivable climate is ^ 

enced. The northern area is extremely cold in winter, enjoying a cliflKte 
much the same as Canafla, whilst, in the southern area the climate is all but 
tropical in character; here, too, the seasons are characterized by their two 
perifxls, i.e. the “ wet ” season and the “ dry ” season. The climate in the 
eastern countries and round the Gulf cf Mexico is very humid. „ 

Soil. — The toil varies in a great degree, but in the main is extremely 
r fertile, and produces trees in great abundance. 

Rainfall. — In the great central region aroMud the Mississippi valley the 
rainfall is evenly distributed throughout the y^r, and a great quantity faUa. 
The highlands of the Pacific coast receive but scanty supplies. Whilst in the 
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Kaatent and Gulf States there is an abundant supply, in a few of the Western 
States there is pra<;|(i^lly no rainfall whatever. 

Rivers. — This vaiit area is extremely well supplied with water highways, 

^ the chief which are the Afvmssippi (Great-water) and Missouri (Mud- 
water), with their many tributaries, flowing into the Gulf of Mexico. The 
total length of these rivers together is over 4000 ml. They drain an area 
of IJ million square miles, or approximately one-seventh of the whole of 
North America, and they provide a waterway for steam navigation of over 
30,000 ml. The Missouri, which is an affluent of the Mississippi, has a 
length of 2900 ml. before it enters the Mississippi. 

Other rivers flowing into the Gulf of Mexico are the Rio Orande, Cohritdo, 
and Alabama. 

Many smaller rivers drain the eastern slopes and flow into the Atlantic, 
the most im{x)rtant being the Comiecticutt Hnibant, SuMi%u*hnnw(, Potomac, 
Roit'twlcfi, Santee, Savannah. 

Draining the western or Pacilic slope, and flowing into the Pacific Ocean, 
are the Columbia, Sacrameiita, Sni Joaquin, Colorado. 

Coast Line, — The eastern and southern coasts are very extensive, and it 
is here that the chief ports are situaUnl. They are: New York, Boston, Phila- 
delphia, Baltimore, Charleston, New Orleans, Mobile, Savannah. The principal 
^ port on the west coast is San Francisco. 

R^ote . — It must be remembered that whilst these constitute the chief ports, 
many smaller towns, situatefl at the mouths of the smaller rivers, are engaged 
in the timber and othe^j industries. The exports are usually shipped to the 
larger commercial centres for distribution. 

Forest Areas and Trees. — The whole of North America is divided into 
several botanical regions, each producing its own species of trees, which are in 
, ways distinctive in character. 

^1. Lacustrine Region.^'Vhis region comprises the basin of the St. I.*aw- 
rence, extending to the northern limit of forest, comprising the eastern coast 
to parallel 43® north, from whence it curves in a south-westerly direction to 
the Alleghanies, again rising in a north-westerly direction to parallel 60® north 
'in the Rgcky Mountains. I • 

^ Tlfe characteristic trees of this region are: Birch (five varhities), alder (two 
varieties)* popl^ (I©ur varieties), fir (four varieties), pines (three varieties,* 
including red'and white pine]Ljuniper (two varieties — junipers and re<l cq^ar), 
arbor vitas, yew, larch, ma^e (thre'e varieties), aMi (three varieties), elm 
(two varieties), oak (four varieties), lime (basswood), and red b€ech. The 

(Cil6) » * 
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lime and birch are very abundant, in some places composing entire forests. 
Hornbeam and ironwood, together with other trees, ar^Jess abundant, but are 
also found. < 

2. Apihtidchuin -This region extends south below parallel ,43^ , 

north, and contains all the eastern States as far west as the Mississippi and 
Ohio Rivers. It is extremely fertile in trees, yielding as it docs the follow- 
ing:— 

Pine (four va!ietie.s, including pitch pine), o*ik, chestnut, walnut, ash, 
hickory, willow, maple, logwood, buttonwood, apple, locust, tulip tree 
deiidrtm tulipifem), live oak. 

The forest regions in the Mississippi area yield large supplies of cotton- 
w’(xxl, swamp oak, cypress, hickory, ash, plane. Juniper (pencil cedar or red 
cedar) is obtained from this eastern region. 

3. CampetttrUin Region.. — This region comprises the vast central prairies 
extending from Texas in the south to the Saskatchewan River (Swift-current) 
in the north (Canada). Trees are not plentiful in this region, a few being 
found in the vicinity of the rivers, and for the most part similar to those 
mentioned as charactenzing the Mississippi portion of the Appalachian region. 

4. Rocky Afoantam Region. — This region comprises the tablelands ex- 
tending eastwaixls to the great prairies from the mountains. It is very 
Imrren, except for a few trees found on the banks of stre^ims. These are ’ 
chiefly cottonwood, and trees of cpiick growth and spongy fibre. 

5. North •weJitern RegUm. — This region contains only the Oregon and 
Washington territorie.s. This area produces trees of enormous size, owing > 
largely to the abundant supplitss of moisture and suitability of the soil. 
Amongst the trees produced in this district are the famous Oi'egon pines, 
often attaining a height of 300 ft. and a diameter of from 10 to 12 ft Oak, 
ash, spruce, hemlock, alder, maple, yellow fir, and cedar are also found. ^ 

6. Nevadutn Region . — In the provinces of Nevada and California are 

found the giant redw'ood tree ^quoia {WeUingUynia giganfen), also pines 
and cedars of enormous proportions. 1^ 

- 7. The Mexican Region. — This region includes the three southern .^^tates 
of Arizona, New Mexico, and part of Tej^as. The trees produced in t^is re|dptr 
are not particularly numerous. They are semi-tropical in character. ‘ 

, From a survey of the above classification it, will bq seep^ forest 

areas fonn extensive belts along the entire ea^rn and weaU^fn i^lbres. 

*Atai*kn . — The southern portion of this province contains ImI f^esti^jieMi^ 
ing spruce, fir, hemlock, cyprefe, cedar. 
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Coliiinbia. — The forests are very extensive, and yield mahogany, cedar, and 
various dyewooda. ^ 

England annually hnports timber from the States to the value of nl)out 
• 21- million pounds sterling. 

Mexico, Central America, Cuba, West Indies.— This region, consisting 
of a portion of the mainland and the various islands in the Cariblx'an Sea, 
falls mainly within the tropics. The country is niountainoua, and there arc 
few largo rivers, though there are numerous small rivers which communicate 
with the interior. The climate in those regions is extremely moist and hot. 
The soil is very fertile. 

The principal timber trees are mahogany, logwood, lignum vitm (Jamaica 
and i^hama Isles), cedar {CedrAa iHhfnita), Havana cedar. 

Mahogany is divided into two chisse.s. That coming from the islands 
(Spanish Mahogany) is clos<*-grained and hanl, and contains a chalky sub- 
stance in the pores, owing to the fact that it grows in districts aliounding 
in limestone. Mahogany from the mainland, known chiefly jis Homhiras 
mahogany, though straight-grained and fairly strong, is much softer and less 
durable in character, owing chiefly to the fiu't that it grows in swampy districts. 

The chief exports are: — 

(o) Spanish mahogany, from Culm, Jamaica, Hayti. 

(h) Honduras mahogany, from Mexico, Guatemala, Honduras (British), 
Nicaragua, Cosbi Rica. 

Tlie introduction of •this wood into the market is (juito interesting. The 
captain of a vc-ssel who was in the habit of vi.siting this region carried some 
to England on his ship, Tliis was handed on to a cabinetmaker for the 
purpose of making a bureau. The effect was .so pleasing that the Duchess 
of Buckingham had some furniture made of the same kind of wockI. Thence- 
forth it became a general favourite for furnituremaking. 

MsXBbP OF Obtaining Hondura.s AHhooany. — About the. month of 
August ^rties of men, usually alxnit fifty in number, under the charge of 
a ca^ftkin, and accompanied by a " huntsman ”, proceed to the forest. Having 
piMad^cir camp in a suitable locality, the “huntsman” climbs (»nc o^the 
hi^^t t^ee^and locates the larger specimens. The work* of locating the 
tr^es an||.^^y>rMling the paity t<3 such re/juires considerable skill, which the ’ 
^huntsmetf ” powess in a bij|li degree. The best trees are sought ouUand 
Cl|t jlillrn.JlMien roughly squared and cut into^sui table lengths for transport 
thrd^jllttft forests. The men themselves drag the logs — which are ’supported 
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oti tude trolleys — to the river Imnk or swaii&py ground^ The logs are marked 
witti the owners mark. This occupies the period during the dry season, 
which lasts from August to about April. When the miny season comes on, 
the rivers are much swollen, and the logs are floats to the mouth of the ^ 
river, where they are sorted and claiiiied^Jby the various owners. 

Many other very u.sefu] woods grow’ to perfection in this region, but 
have not yet found a place in the market. 

South Amorlc&t — This vast continent stretches from latitude 12° north to 
latitude 65* south, the area being approximately 6^ million .square miles. 

Climate. — Owing to the extensive range of this country, all conceivable 
climatic comlitions are experienced. 

— Extremely fertile. 

Rivers. — These are numerous, the principal Ixjing: Magdalemf, Orinoco^ 
Anuizon^ Ln Plata^ Colontdo, 

Forest Areas and TREE.s.>~-The whole of the northern area, including 
those areas draine<l by the Orinoco and Amazon, are to a great extent covered 
with virgin forests as yet unexplored. It is estimatefl that the area drained by 
the Amazon and its tributaries approaches 21 million square miles, more than 
one-third the entire area of this continent. The length of this river is about 
3500 ml., and, together with its tributaries, atfords a waterway available for 
navigation for a distance of 60,000 ml. 

1. Venezxi4‘Ui contains vast forests in the region of the Orinoco. At pre- 
sent the.so are of little commercial importance. 

2. British Guvixm has an area of 109,000 sq. vd., of which, it is said, 
99 per cent is virgin forest. 

The principal woods exporteil are: Ix)gwt>o<l, greenheart, zt'.bra wood, 
“hyawa holly” Lambert ii), lancewood, letterwood (Brotmitun 

Auhletii). 

3. Brazil has an area of nearly 3} million squats miles, the greaUr part of 
which consists of virgin forests, which still remain unexplored. It is by far 
the largest forest area in the world. The chief timber trees are: Logwood 
(Hirmatojcylon), Brazilwcxxl (Co’Hulpinia), rosewood, and mahoj^^y. Many 
others exist, but are not generally ku4wn or exploited. 

4. Para, situated at the mouth of the Amazon, is the chi^ spat of the 
‘ timber trade. British imports froiii this country, including, tmber, amount 

ann^ially to about £4,000,000 sterling. ^ 

6. Ecuador, Peru, aVid Bolivia eacli contain extensive for^tl, Imt their 
woods are little known in the commercial world. 
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6. Pamguay. — TJjt© northesuT^’^'tion of t^is country is covered with 
forests producing a 'great vaijety of ti-eea 

The extensive regions to the south of the continent are chiefly of a 
^ pastoral character. 

ASIA 

Space will not permit a full treatment of so vast an area, containing as 
it does practically one-third of the entire land surface of the globa 

The area is about 17,300,000 stj. ml. 

Climate. — There is a gi*eat diversity of climate, the vast continent falling 
as it does within three zones, i.e. frigid, temperate, torrid. 

The vastness of its laud surface and the arrangement of its mountain 
chains materially affect the climate in various regions. 

Forest Areas and Trees. — The surface is divided into seven distinct 
botanical regions, each producing its own characteristic vegetation, including 
forest trees of many varieties. The regions are known as Siberian, Tartarian, 

Cashmerian, Syrian, Himalayan, Indian, and Malayan. 

1. Siberian. — The milder iwrtion of this region is covered with enormous 
forests yielding various trees, as: I.iarch, birch, pine, &c. 

2. Tartarian. — Very similar in character to the Siberian region. Along 
the slopes of the Himalayan range the following trees are met with: Pines, 
oaks, ash, birch, poplar, cypress, hazel, and Indian cedar {Cedrelu tooiai). 

3. Cashmerian. — The principal trees are walnut and chestnut. 

4. Syrian, — For the^most part this is a desolate region, producing few 
trees of importance. 

5. Himalayan. — The trees of this region are for the most part dicoty- 
ledonous in character and are mainly deciduous. On the lower slopes are 
found extensive forests of saul and cotton trees of gigantic proportions. 

Ascendi||g to the higher rtjgions the climate is productive of such trees as 
pine, oal^, elm, sycamore, honibeam, whilst Ui the highest regions and extend- 
ing to the snowline is found a great variety of oak, together with poplar, 
yew, sycaurtJre, birch. ^ 

6. Indian . — This is by far the moit important region for timber-produsing 
purpo^s. It includes India, Burma, Siam, Cochin-China, andX^eylon. 

There *exijt enormous forests, which are to a great extent swampy and * 
exceedUlgly unhealthy, knowjp as the “jungle”. • 

Th^,^loTOwing are among the most important tiinbers yielded: — 

^Acacia, ce^r (toona and deodar), coconut {Cocos nucifeia), roflewood of 
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India {fkilhergia lulifolia), (d>dny (Diospyroa Kbenuvi), calamander (Dioapyroa 
hirmta), thingaii {Hapea (xiftraUi), walnut regia), iron wood 

lucida), Hatinwood. 

ForeMM of But'mn . — It i« estimated that in Lower Burma alone the^orest • 



rejfiouH cover 60‘,000 sq. ml., whilst the extent of the forests in Upp^r Rurma 
'is still unknown; they cover an enormous are»»of country^ These forests 
are ^nown chiefly for their teak, which is exp^ted to all parts of the world. 
Over 200,000 tons of Usak are taken 'from the forests annually; of which 
that exjK)Vted amounts annually to about £/K)0,0()0. Ijower Burma supplies 
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about one-fifth of this quantity, the i-einainder being contributed by Upper 
Burm and the interior, and bi-ought to the coast by means of the Rivers 
Irawaai, Sittang, and Salween. 

Padouk is another important wood obtained from this district. 

The elephant is the beast of burden used for carrying the trees from the 
interior of the forests to the streams. It also plays an important part in 
carrying out work in connection with the sawmills, such as carrying timber 
to the saws, pushing the logs through the mills, stacking and arranging the 
sawn planks. This work the elephants perfonn with an intelligence which 
is little short of human. 

The principal ports engaged in the industry are Rangoon, at the mouth 
of the Ira wadi, and Moulmein at the mouth of the Salween. 

Ceylon contributes many ornamental woods to the market, but these are 
in most respects similar to those coming from the mainland. 

Andaman Isles supply large quantities of padouk, also known as Andaman 
redwood. Convicts are largely employed in the work of clearing. 

7. This region comprises the many islands situated under the 

e(juator. Camphor trees are the chief product of the forest, whilst the moun- 
tain regions produce certain varieties of oak and pine. 

AFRICA 

This vast continent has an area of about 12,000,000 s<i. ml., practically 
one-fourth the land aren of the globe. There is an unbroken coa.st line of 
16,000 ml. Considering the enormous extent of the coast line there are but 
comparatively few ports. 

Climate. — The greater part of this continent falls within the torrid zone, 
and the climate is exceedingly hot, and, in some parts, very dry. For the main 
part there are two seasons, a wet and a dry season, though little or no rain 
falls in the Sahara region, and but little ii^ Egypt and the Eastern Sudan. 

Soil. — A ,great portion is exceedingly barren, and it is only in those parts 
which are well watered ^hat the soil can be cultivated. * 

Rive^ — A frica, compared with oUier countries, is very poorly supplied with 
rivers,^ and those there are do not serve as highways of coiiinterce as in other 
cyjuntries, the cturrent being either too rapid or impeded by rapids and cataracts. * 

Forest Area.s and Tree^ — Tlie e<juatorial region and the south, wjiere 
the rainfall is abundant, are well provided with forests containing valuable 
timber trees. • 
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It is estimated that more than a million square miles are covered with 
forests producing, among othei*8, such trees as acacia, ebony, iron wood, African 
teak, and mahogany. On some of the higher plateaux cone-bearing trees, 
as yew and juiiij>er8, are found. The equatorial forests abound in trees ^ 
yielding rublxir, which is of the finest quality known. 

'riie central forest regions are: Upper and Lower Guinea, Senegambia, 
Siulan. 

There are extensive forests in the south of Cape Colony (Knysna forest). 

Cape Ctjlan,y, Natal, Niyt'themi Ttuns'uaal . — The timber produced in this 
region is for the greater part exceedingly hard and tough, and is worked only 
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with difficulty. It is apt to be very “shaky”, and tljere is a great tendency 
to warp during seasoning. One great point in its favour is that it withstands 
the action of the dry climate better than most imported woods. With the 
attention and care now being given to the (juestion of forestry by the 
Forestry Departments of the various provinces, much will be done to improve 
the quality of the timber produced in these areas. • 

The wood now produced is us^ chiefly for wagon and carriage building, 
also for cabinetmaking purposes. Among the most important are: — 

• Cape lance wood (assegai wood) or Cape ash, used chiefly for spokes, rails, 
and ^haf ts. I ^ 

Cedar boom, •a fairly soft wood which will not stand exposure — uafed for 
.floors. , . ^ * 

Els (red, white, rock), wagon building. ^ 

i^Sssen hout, yields valuable tough timber much resembling elm. 

Irouwaod (black and white'), wagon axles, spokes, sleepers. 
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Melk hout (milkwood). 

Oliven hout (wild olive), furniture, fittings. ^ 

Peer hout. 

Suffraan hout. 

SneezewooiJ, costly in working. 

Stinkwood (Cape mahogany or w'alnut), for furniture, needs careful season- 
ing. 

Geel hout (yellow wood), warps during seasoning and will not stand 
exposure. 

Guinea tWist, — Tiinl>er dc^es not form one of the exj)orts of Africa, though 
many consider that valuable supplies will Ije derived from this soui’ce in the 
future. 

OCEANIA 

Oceania consists of three great groups of islands, know'll resjiectively as 
{a) Malaysia; ( 6 ) Australasia; (c) Polynesia. 

Area,— A bout 4,000,000 sq. ml. 

Many of these islands 3 'ield valuable timber, those lx‘longing to the 
Malaysian group being the camphor, sandalw'ood, elniny, teak, and upas. 

Po L Y N Es r A . — Sandal wood t rees. 

Australia. — Australia produces many varieties of the eucalyptus tree, 
known as gumwood. 

The district of Queensland product's some excellent W’oods for cabinet- 
making purposes, such as weeping myall, sandalwood, iniison tree, broad- 
leaved cherry, tulipwood, huon pine, cedar (Cedrelu au8tnili8). 

New Zealand. — One of the most important trees in this area is the 
Kauri pine (Damnuim amlndU). Red and silver birch, rata, black pine 
{Podocaiyus Npicatu), are also found. 

Methods of Transporting Timber.— These are many and varied. In 
mountainous regions the timber is usually; cut and dragged to the mountain 
torrents, into which, after marking it, it is hurhsi and carried thence by the 
stream to the lower regions. Here again it is sorted and formed into rafts 
which ^oat to the more distant p^ts. ^ 

Mountain chutes are sometimes constructed, consisting of tree trunks so 
arrangedTas to^orux a slide^for the timber. In winter these are coated witlw 
ice, and the timber travels ^ith an ev^r-increasing speed down the ^hute, 
until finally it dives into s3me lake or river. • 

In the Black Forest, on the smaller rea<!lies of the Rhine, Rhone, and 
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DaruiUs Mingle log» are fioated^S^wn until they arrive at the broader parts 
of the j||p*eatn, whate tHey stl^ made into Minall rafta, which continue their 
coiirMt*, guided by inefi witli VVnien the river again brc^ens out these 

Hinaller rafts are unLteil into muQh larger rafts, usually occupied by a number ^ 
of men constituting* tlie “crew” necessary to the successful navigation of such 
a craft 

In Russia the tns^s are cut in winter and dragged by horses to the nearest 
stream which is covered with thick ice. The logs are firmly fixed together, 
and when the sprirjg comes the ice melts and the rafts float down the various 
rivers to tlie ports. 

In Australia the method adopted is to so arrange fellerl trunks that they 
sfi ve as roa<ls over which the logs can b<^ dragged. 

— The above method of treating the subject of timber has been 
adopted as .serving more useful purposes by opening up to the .scholars the 
geography of the world in so far as it relates tt) manual training. As already 
*‘.\plaine<l, only the fringe of the subject can be touched in such a work. The 
subject becomes extremely interesting and fascinating when we study the 
life and habits of the people engaged in the timWr-pitKlucing indirstries in 
all |)art.s of the world. 

The orthodox method of dtwcribing etich sejmrate wood in detail has been 
<liscarded as serving no useful purpose. The teacher who is keen on his 
subject will take an interest in collecting specimens of the various woods 
ustsl for commei-cial purposes, and these are invaluable if properly handled, 
(or by their means the scholars are enabled to ascertain for themselves all 
such information as relates to colour, weight, density, visibility of pore, vi.si- 
bility of annual rings, relative hardne.s8, characteristic marking, &c., which 
ii intinitely more important than volumes of such descriptive matter. 


CHAPTER XIII 

Metals used in Connection with Manual Training 

During the various lessons it will l)o observeil that nails, and screws are 
natle of iron; the various cutting tools ai-e n^-vde of steel; the ferrules on 
he to<jls are made of brass. What artf these suljstances and how ai’e they 
obtained t • 
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Iron. — The Ore — Ii-on is not found iij^free Slate (pure)t It in mixed 
with other substancen of an earthy character^ ijrith other n^lements 
which affect th^ (juality of the iron proctyice^ This fixture in known as 
, ore. In order to separate the iron frpm ‘the eai^y substances it has 
fii*8t to be subjected to the proce&s of roasting or calcmiiij^. This process 
merely consists of driving off all the water and gaseous substances (carbon 
dioxide) from the ore, and fits it for the next process. 

Smelting. — The roastwl ore is next packed into a furnace known as a 
blant fuinuice (see fig. 107). The contents of these furnaces are arranged 
in layers. A layer of fuel is fii*st in- 
serted, then a layer of roasted ore to- 
gether with a sulwtance which acts as 
a “ flux " (lime or clay according to the 
composition of the ore), the object of 
the flux being to enable the earthy sub- 
stance to fuse and flow freely when the 
heat is applied. 

The furnaces are fe<l by machinery 
with an extremely powerful blast of hot 
air, which causes the fuel to generate an 
enormous amount of heat, thus melting 
the contents of the furnace. 

The fluid iron, being heavier than 
the earthy matter, sinly< to the bottom 
of the furnace. Arrangements are pro- 
vided by which the fluid earthy matter, 
known as sUuj, can be drawn off. At 
stated intervals the furnace is tapped 
and the molten iron is allowed to flow 
along channels in the floor, and fills moulda,constructetl for the purpose. The 
main channel is known as the soiv, and the smaller moulds which lead off 
from the main channel ^re called and the blocks of iron cast are kno\tn 
as pig i^n. The furnace is never allowed to cool down, but day and Might 
fresh layers of roasted ore and fuel are added, and the prfxiess of drawing 
off the slag and tAppliig Ibe iron is continued. The furnace is allowed to* 
cool only when internal repairs become 'necessary. ^ 

Nature of Cast Iron. — Cast i)ron is very brittle in character. This 
will readily be seen if some article made of this material is si/bjected to 
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heavy blows from the hammer. The brittleness of cast iron is due to the 
fact that it contaifls carbon. It will assist in the understanding of this if 
the following experiment bo performed. 

Take a piece of cast iron and a piece of good wrought 
iron. Fix the piece of wrought iron in the vice and with a smooth file 
pnxieed bi file its surface. Rub some of the filings on the hand and notice 
whether the hand is blackened. 

Repeat the process with the piece of cost iron. Now we observe that 
tile wrought iron filings left no mark, but that the cast iron blackens the 
hand like the du.st from the lea<l of a ptmcil when it is sharpened. This 
blackness is due to the carbon which the iron contains, and it is carbon 
which causes the iron to be so brittle. 

Ohjecth manufactured from Cast Iron. — It will be seen that somti 
of the pianos and the iron spokeshaves are manufactured from this type of 
iron; but during the process of manufacture some of the carbon is extracted, 
thus rendering them more malleable, that is, less susceptible to fracture 
when hammered, or less liable to break should they lie dropped. But they 
are still brittle in character, and care must be exercise<l in their treatment. 

Wrouqiit Iron — Kj^perhnent — Take a large nail and l)end it l^ack wards 
and forwards. Hammer the nail and show that it does not fracture. 
Compare with the effect of hammering or bending a piece of cast iron. 

"Hie nail thus possesses the properties of " malleability” and “ductility”. 

How are these produced ? 

Conversion of Cast Iro:« into Wrought Iron. 
— Since the brittleness of cast iron is due to the fact 
that it contains carbon, if we are to overcome this 
brittleness the carbon must be removed. 

Puddling. — The carbon is removed in the follow- 
ing manner: The blocks of cast iron are placed in 
what is k,nown as a reverberatory furnace, os shown 
in fig. 108. These furnaces are so arranged that the 
iron is not directly mixed with the fuel, but the heat 
is thrown down* on the iron from the roof of the 
furnace; this is necessary to prevent the iron’ from 
• rig \m absorbing carbon from the fuel. The iron is thus 

, melted in a kind of pan. 

When the iron is melted the workihan in attendance takes an iron rod 
and, placing one end into the molten metal, commences stirring the iron. 
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and in this way masses of iron collect on the end of the rod which are 
called “blooms”. These blooms are taken from the furnace and placed 
under powerful steam hammers and hamu\ered into rectangular blocks, after 
• which they are passed through rolling miHs and thus rolled into bars. 

This process is known as puddling, and by it practically all impurities, 
including the carbon, are removed. The bars of iron thus produced are 
known as wrought iron. 

Fackioting. — The quality of the iron is still further improved by making 
up bundles of these bars (faggots), which are reheated and again hammered 
and rolled, thus giving to the iron its fibrous characU^r and making it 
extremely tenacious, ductile, and malleable. 

Exj^eri'tnent — Fracture pieces of cast iron and wrought ii-on. Compare 
the crystalline nature of the fracture in cast iron with the fibrous appear- 
ance of the fracture in wrought iron. 

Welding. — A valuable fe^iture of wrought iron is that two pieces can 
be joined by welding. The surfaces are heated to a state of fusion, they 
are then cleansed and brought quickly together and rapidly hammered, 
thus causing the fused surfaces to intermix and in this way to join. 

Nails, screws, portions of the plane iron, and the grinding attachment 
are made of wrought iron. 

Stoel. — Experimeiit — {a) Take a piece of cast iron, grind it thin and 
sharpen it in imitation of a chisel. Test it on a piece of wood and notice 
what happens. 

(6) Repeat above, Msing for the experiment a piece of wrought iron. 
What happens? 

Why do we not meet with the.se difficulties when using a chisel? Why 
does not the thin blade of the saw fracture or permanently bend out of 
shape? These are made of steel. 

Conversion of Iron into Steel. — Experirru^nt — Take a piece of steel; 
fix it in the vice; using a smooth file, proceed to file the surface. Test the 
filings on the hand as was done with the cast iron and wrought iron. It 
will be found that it blackens the hand slightly, but not to the same exWht 
as did the cast iron. Why is this^ • 

Steel. is a form of iron containing a small percentage of carbon, i.e. 

1 to 12 per cent. The two chief methods for converting iron into 8tcel> 
are — • 

(а) From bars of wrought iron. 

(б) From cast iron direct 
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((t) WRouiJHT Iron to Steel. — The method employed is known as the 
“cementation process”. It consists of placing bars of iro» in a specially 
eonstrtict(;d J^inace. Charcoal is laid between the layera of bars, and the 
whole covorqj|^iti witli chaitl6&l. Heat is then gradually applied, and 
the temperature raised to about 1200"' C., which temperature is maintained 
for about a week or ten days. This process causes the bars to absorb 
carlx>n from the charcoal (carbon) which surrounds them. When sufRcient 
carlx3n has been absorbed — the amount varying according to the particular 
work for which the steel is intended — the quality of the bars being tested 
l>y taking trial Imrs from the furnace from time to time, the furnace is 
allowed to slowly cool down, the process of cooling taking about a 
When the furnace is cool the bars are removed, and it is then found twZ 
they are covered with a number of excrescences resembling blisters. The 
sU'el thus piHxluced derives its name from this blister-like appearance, and 
is known as " blister steel”. This form of steel is usually brittle. There is 
a want of uniformity in its structure, and it is somewhat crystalline in 
character. It is therefore again treated before being manufactured into 
articles of commerce. 

(^mremion of Blister Steel into ** Shettr SteA ”, — Bars of blister steel are 
lM>und together in bundles containing four or five bars. These are heated 
to a welding heat and subjected to a process of hammering and rolling, 
tlms pro<lucing “shear steel”. Should the process again be repeated it is 
then known as “double shear steel”. From this steel the simpler cutting 
instruments, as knives, shears, scissors, &c., are manufactured. For the 
l)ctter class of cutting instruments the steel undergoes a further process, and 
is convertcxl into “cast steel”. 

(Conversion of Blister Steel into SteeV\ — To accomplish this bars of 

blister steel are broken in small pieces, placed in cnicibles, and subjected to 
heat sufficient to melt the steel. The molten raittal is then poured into 
moulds and afterwards hammered or rolled into bars. This pi^ocess gives 
uniformity to the structure of the steel. From bars of this steel all the fine 
citlting instruments are produced, such as chisels, pl/ine irons, saws, &c. It 
must* lie borne in mind that “cast steel” applies only to the method of 
proilucing the steel, and docs not moan that the actual tools prodqced from 
<t are cast to their particular shape. ♦ » 

(/>> C'oNVKKsioN OF Ca.st Iron DIRECT TO Stjeel. — This is usually accom- 
plished by what i.s known as the Beswmer process, the resulting product 
being a mild form of steel how to a great extent taking the place of 
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wrought and cast iron. Whilst it is not a form of steel with which wo ai’o 
particularly con^i^ed from a manual-training {K)int of view, yet it is of 
such great importance to the metal-working industries i^at a brief 
^ description will not be out of place. 

The Bessemer Process. — This process fs' carried out in a v(‘src 1 calle<l 
the “converter”. The converter consists of a somewhat “bottle-shaped” 
vessel having the neck inclined to the body. It is constructed of iron 
lined inside with a tire - resisting material “ganister”. The vessel is 
supported on trunnions resting on supports, and so arranged that the 
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vessel can be tilted to^any angle. The Ixittom of the coliverter conUins a 
number of holes, “tuyeres”, through which air can be forced (fig. 109). 

The iron to be treated is first iucIUmI in a cupfda, or is let! direct from 
the blast furnace into the o\>en neck of the converter, which has Ixicn tilted 
over to receive the charge. The converter is then turned into an upright 
position and hot air forced' through the molten metal in the interior. During 
this process enormous quantities of s|)ark^ and flame issue fix>m the ojxm 
end of the vessel. The oxygen containe^l in the air, as it pajsses through 
the meial, unites with the carbon and is thus driven off as carbon monoxide 
(CO). When the sparlcs cease to l|o given off, and the flame become^ less 
intense, the blast is shut off and the vessel again turned down and a 
definite quantity of molten, iron rich in carbon, “ spicgcleisen ”, is added » 
The converter is again liaised to the upright position and the added 
metal thoroughly mixed with the cmitents of the «©n verier. 

The converter is then turned down and the metal drawn of! into ladles 
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from which it is again poured into the various moulds, either for /the 
purpose of castfhgs direct or for forming blocks to be subel^uentiy 
liammiTed and rolled into plates, bars, &c. jp- 

Properties of Steel. — We Kave seen that cast iron is hard brittle, ^ 
also that wrought iron is comparatively soft and ductile, neithlr metal 
lH‘ing suitable for the manufacture of cutting instruments. Steel, hwever, 
js)S 8 fSHcs remarkable properties which enable it to bo brought to ahy degree 
of hardness, at the same time retaining its toughness and flexibility. The 
[)io(H‘ss by which the desired degree of hardness is given to steel is known 
as “ temp(n*ing”. 

Hardening and Tempering. — Tlie tool having been forged and ground 
to the reejuired shape is next hardened and tempered. In orders J 0 
accomplish this the tool is first heated to a dull cherry -red colour and 
suddenly cooled by immersion in water or oil. This process causes the 
t(K)l to become exceedingly hard and somewhat brittle. In this state it 
would be too hard for ordinary cutting instruments. The degree of hard- 
ness is reduced in the following manner. 

The surface of the steel is meule bright, and then subjected to a gentle 
heat which causes a film of colour to appear on the surface. The particular 
shade of colour assumed by this film indicates the degree of hardness which 
the steel will possess if cooled at that particular stage. When the desired 
shade of colour ap|x;ars the tool is again cooled by 11011101*8100 in water or 
oil, and is then ready for use. 

The following table indicates the range of such colours: — 


C«»lour of Filin. 

T«inp«r»tnre 

(F). 

Nature <if T<mi1s. 

Very imlo stmw yellow 

430" 

Surgeons’ lancets. 

Metaf cutting tools. 

Darker shade of yellow 

440" 

Metal cutting tools and razors. 

Darker straw colour 

470" 

Penknives. 

, Still darker straw colour 

400" 

Cold chisels, wood boring bits. 

Brownish yellow 

500" 

Plane irons, chisels, sawa 

Ytllow with purple tinge 

520" 

Stone-working tools. •' 

Light purple 

530" 

Swords, watch springs. 

Dark purple 

Dark nluo 

550" 

570" 

Too .^8 for cutting sandstone. 

S^U saws. 

Pale blue 

600\ 

Hund saws, pit saws, &c. 

Pale blue with green tinge . 

630" 

Try squares. 
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iBPIUIJb^^AN Alloy. — Brass is not a pure metal but consists of a mixture 
of two '^tala The particular metals used are zinc and copper in the pro- 
portion zinc (Zn) 1 part, copper (Cu) 2 parte by weight. When metals are 
• mixed manner the resulting product is ealle<l an “ alloy**. 

PREpJnt^AtlON OF Brass. — The metals to be mixed are carefully weighed 
in t^ip^bov^ proportions. The copper is then cut into small pieces and made 
hot^aira placed in crucibles which are then inserted in the furnace. When 
the copper is thoroughly melted the zinc is carefully inserted, and as it melts 
it is stirred into the copper. When all is melted anrl thoroughly mixtKl the 
crucible is removed from the furnace and the contents run into moulds. Care 
has to be exeicised during the process of inserting the zinc, as this metal is 
v%y volatile when in a molten condition. 

Sheet brass is produced from the ingots by fwissing them lx;tween steel 
rollers. At each stage of the rolling the sheets are annealed. 

Annealing consists of making the sheets hot and suddtmly cooling them 
by plunging them into water. 

Kote , — Whilst this method .softems copper and biuss, it is worthy of note 
that the same process hanlens steel. 

Brass P<xssesses many Useful Qualities. — ( o) The well-known golden 
colour is pleasing and characteristic of this metal. 

(6) It is hanler than either of the metals of which it is composed, and 
therefore weare better than those metals. 

(c) It is capable of receiving a very fine jxjlish, and is less liable to 
bc^come tarnished than popper. 

{(i) It does not rust (oxidize) when cxp<)sed to the action of water. 

ie) It is very ductile, and can be Ixaten into any shajx*. The process of 
hammering caused it to become brittle. It then-fore requireH annealing from 
time to time. 

(/) Brass cannot be welded, but the surfaces may be joined by solder, the 
solder if! such cases consisting of a mixture •f coppeu* and zinc, having a lower 
melting-point j.han the metal to l>e joined. 

Very delicate castings can be made in biass, owing to the fusibility of 
the metaj. • • 

Co\>per. — Copper, like iron, is usually found in the form’ of an ore, that 
is, the copper iti mixed with other substances. This mixture takes various * 
forms, as: — • • 

with oxygfu, known as reef and black oxides of copper, and yield- 
ing from 80 to 88 per cent of copper. 

(c&ie) 
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Mixed witKJ^idphue and Earthy Matter . — Tliis form is known as 
phide of copper and occui's in the form of “pyrites”, yielding from, 90 to 
80 jier cent of copi)er. 

Mixed with Carlxm and Earthy Matter . — Those ores ai*e especially 9eauti- • 
ful in colour, varying fmm emerald green to deep blue. They are known 
reMjMjctively as {a) (ireen Malachite, {b) Blue Malachite, and yield fro1ii.50 to 
00 per cent of coppt^r. 

Copper is sometimes found in a pure form. It is then known as “ native 
copper”. Largo masses weighing many tons have been discovered fn the 
United States of America. 

PROCES.S or Extraction. — B y reason of the various forms in which the 
ores occur, many different metho<l8 have to bo adopted in keeping with tfte 
nature of the ore to be treated. Space will not permit of dealing with these 
processes fully. The main outlines of the pi'ocess are as follows: — 

1. Calcinhig . — For this purpose the ore is placed in reverberatory furnaces 
and roasted. During this process the ore is raked over from time to time, air 
is admitted, and in this way much of the sulphur and other impurities are got 
rid of. The amount usually treated is about 3 tons, which occupies about 
a day. This process is carried out at a low temperature. 

2. Melting the Ore . — After roasting, the ore is mixed with other ores con- 
taining a considerable quantity of oxygon. The mixture is placed in another 
reverlxu'atory funiace and subjected to a much higher temperature in order 
to melt the mixture. The molten copper sinks to the floor of the furnace, 
which slopes towards an outlet. When two or three charges have been thus 
treated the furnace is tapped and the molten copper allowed to draiq out 
into a tank containing water. This causes it to assume a granulated form 
(small lumps). The metal thus obtained is still very impure, containing about 
30 per cent of copptT, the remainder consisting chiefly of iron and sulphur. 

3. Recalcining. — The metal obtaineil from the last process is again 

placed ill the furnace and roasted at a low temperature for about twenty-fopr 
iunirs. During this process some 50 per cent of the contained suly l^y ^ is 
(fl’iven off. ^ 

Remelting. — After roasting, the g-anulatod metal is again mixed with 
rich oxides and the w'holo subjected to great heat. The molten metal is 
again drawn off. Sometimes it is cast into blocks, when it is known as. 
“blu«” metal, or it may be treated as befoi^ i.e. granulated, when it is 
known as “tine” metal. The metal now contains 60 per cent of copper. 

5. Rodeting and Fmion. — The “fine” or “blue” metal is again roasted 
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and fused in specially constructed furnaces. Air is freely ^ylmitted into the 
furii^ chamber. The process of melting occupies about eight hours. The 
slag liihich accumulates on the top of the metal is removed. The metal has 
. a boiling appearance duo to the escape of sulphur dioxide (SO.^), formed by 
the union of oxygen with the sulphur contained in the metal. When the 
process is compleU^ usually from twelve to twenty-four hours, the metal 
is again cast into blocks, which have a blistered appearance caused by the 
escaping SOjj. It is known in conscniuence as " blister copper”, and c^intains 
abou£ 98 per cent of copper. 

6. Refining and TonAjhenimj. — Once again the blocks (pig.s) of copper 
are placed in a furnace and slowly melted and the surface exposed to currents 
ot air. Samples of the metal are taken from time to time during this process 
and tested. When the metal is found to l>c tough and malleable it is removed 
from the furnace with ladles and cast int<j ingots ready for the market. 

Refer to charactenstic colour of cop})er, its many proix‘rties, and uses 
to which applied. Copper costs approximaUdy £70 per ton. Weighs ap- 
proximately 550 lb. per cubic f(x)t. Specific gravity 8*8. 

Rote .. — The above process will serve to bring homo to the scholars the 
difficulties involved and the expmsive characU'r of reclaiming copper from 
the ore. Much copper ore is found in South Africa, but owing to the cost 
of railway transit, shortage of coal in the regions where copj)or alxmnds, 
excessive cost of labour, and distance from si^aports, it has not yet Ix^en found 
possible to work these ores profitibly With reduced working costs and 
the rapid dev^elopmcnt pf electrical science this may at a future dabi becoim* 
one, of Africa’s important indu.strios. Many other valuable substances are 
fofrtid ass(x*.iat-ed with copjx*r, but these cannot be treated in this work. 

21nc.— The Ore.— Like iron and copper, zinc Ux> is found assexiated with 
other substances in the form of ore. These are known by different names 
according to their particular comjKwition. 

‘ ^ (a) Rod zinc ore (spartalite). * 

' (^) Calamine (carbonate of zinc). 

{(') Blenrlc (black jack or zinc sulphide). 

• * . . 

ETxtraction from the Ore.' — Calcining.' dlie ores are first roasted in 
a similar manner to that described for copper ore. 

DiMmation.—T\\c roaatt‘d ore is crushed and mixed with anthracite J[ hard 
non-caking coal), small coke! and other substances, * The mixture is damped 
and placed in specially constructed crucibles. These crucibles rff-o stacked 
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in a chamber coimectecl with a furnace; they are arranged in tiers and 
slightly inclined. The lower end of the crucibles are fitted with a simple 
device for condensing the metallic vapouns given oft'. 

After packing the chamber, heat is appliofl to the crucibles and fumes « 
of a brownish colour issue from the openings. These are succeeded by 
greenish -white fiames. These flames are characteristic of zinc. The metal 
is collected from the condensers at intervals during the process, which occu- 
pies about twelve hours for each charge. 

The metal is cast into ingots and is rea<ly for the market or for further 
treatment. 

Purposes Served. — Zinc resists the action of water, that is, it does not 
rust like iron. It is therefore used for coating iron in order to prevent it 
from rusting. 

Articles manufactured from iron are coate<l with zinc. Care having Ix'cn 
taken to see that such articles are thoroughly clean, they are then dipped 
into a bath of molten zinc. Examples of this will be found in the galvanized 
iron used for buildings, galvanized nails, linings of saucepans, kc. 

We have already seen that when zinc is mixed with copper, brass is pro- 
duced. 


CHAPTER XIV 

Notes of a Lesson on Glue, its \fanufacture and 
Preparation for Use 

Ueiixiireil for the Lrmm , — 

Cakes of glue, various kiiuls. 

A few sweets, jellies, i.e. jujubt's. 

Cake of glue which l»as soaked in cold water for a considerable time. 

A glue jx>t containing glue, 

A glued joint, two pieces butt-jointed. 

Pieces of wood; some ponms, some dense. ,, 

Introduction. — Suppose we wished to jojin two ^ces of wood together without 
u»ing naiU, or ncrewn, or aliy “metallic'’ fastenings whatever, what substance could 
be used ? Glue ” 
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Composition op Qlur.— [Exhibit a cake of glue.) What is the name of this 
substance? Let us endeavour to find out what glue actually is. 

[Exhibit some glue from the glue pot, which has been )x)ile<j ami cooled into a 
jelly.] What is this? 

You are all very fond of sweets. There is one class of sweet which you purchase 
which is soft and can be stretched. Name? Prolwibly your mothers make nice 
jellies for dinner at times. From what substance are those jellies prepared? “Gela- 
tine.” [Explain: Glue is nothing more than a strong form of gelatine.] WouM 
you like to eat this glue if it were made into a jelly? Why not? “J^ss pure than 
gelatijpe used for household purposes.” 

Si^stances Yielding Glue, When Iwnes are lx)iled in the soup, what happens to 
the soup when it cools? What causes it to form into a jelly? Where did the 
necessary gelatine come from? Name a substance which is obtained from l>ones. 
If the bones of an animal contain gelatine, is it not reasonable to 8up|M)8e that 
other jmrts also will contain gelatine? 

You all like looking into a farrier's shop, to watch the man shoeing horses. What 
is the condition of the shoo when it is first placed on the horse’s hoof? What have 
you noticed about the odour of the smoko given ott? Burn a small piece of glue. 
Can you detect any similarity between the odours? Of what Bubstance do you sup- 
jioae the hoofs are comfwsed? You have all scon the horns on a cow and on various 
other animals. Of what substance do you suppose they are com|K)8ed ? What might 
the horny parts of all animals be U8e<l for? “Manufacture of glue.” [Explain: All 
animal refuse (oftal) which contains gelatine may bo used in the manufacture of glue.] 
How MANUFAtrruuED. — What must bo done to all this refuse in oixlcr to extract 
the gelatine, i.e. glue? [Elicit: “Boiled”.] What must bo done, besides lx)iling, to 
get rid of all the impurities, i.e. pieces of Iwne, lumps, &c. ? “Strained.” Examine 
the surface of this cake of glue. What do you notice about its surface? Of what 
does the shape of these marks remind you? “Wire netting.” Are there marks 
on both sides of this cake? If this cake were laid on a piece of netting now, wouM 
the surface become marke*d? What must have I>een the condition of this cake when 
these marks were made? What rojison can you suggest for’ laying the soft cakes of 
glue on the netting? “To dry.” [Explain: Offal Imiled in large boilers; liquid care- 
fully strained off; pressetl into large moulds; cut into cakes; laid on netting to dry. 
Exhibit various kinds; name them. English, French, .Scotch, <fcc.] 

Glue Absoriis Moistube — Dors not liissoLVE. — [Exhibit some glue which has 
l>eoii in cold water for a numl>er of hours.] AVhat do you notice about this glue? 
[Elicit: “Soft, much swollen”.] Suppose sugAr or salt were placed in water for a 
number of hours, what would happen to it? Would it swell? [Elicit: “Dissolve”.] 
What is the difference between glue “gelatine” and sugar in this respect? [Explain : 
Sign of inferiority if gluc*dis8olves. When good it absorbs largo quantities of ^ater; 
swells vety much, but docs not dissolve.] , 

Testino Quality. -JAllow boys to wet fingers and rub on surface of glue.] What 
is noticed? [Exiplain: Stickirtess a good sigg. Hold cake up to light, allow class to* 
examine. Elicit: “Clear, but calinot be seen through”. Explain: Not “transparent”, 
but “opa4|ue ”. Call attention to absendb of spots, «&c. This, also, a good sign.] 
Inferior Glue. — Glue that dissolves when placed in water, does not produce a 
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Htickv Hiirfaco whon rubbod with wetted Stiffen and is inferior in quality, or il 
cloiKly and containing specks or spots ^ light. 

Thk (iLUR Pq ^. — [Exhibit glue pot many parts are 

there 1 What doeS the inner pot contaftijh^T|j1^%w» [>uter potf The glue in the 
inner pot is st^||p^3|roW«i|ii it be made fluid) Suppose 
there was on^ e«e pot containing the glue, and it was 
put direct over the nre, what M'ould happen) [Refer to 
piece of glue previously burned.] What is the object of 
having water in the outer pot) 

Pkeparation J'OR Use.— What must lie done to this 
cake in order to get it into the inner [xit) [Elicit: “ Rmken 
into small pieces”. Explain: Good plan to break into 
small pieces, cover with cold water, and leave it to soak 
for a number of hours before required for use.] 

Test of Rradinbss for Use.— [Ask class whether 
they think it would answer to use the glue in the form 
of a very thick jelly, or thin like water) Exhibit ^lue 
ready for use, and let them see how that the glue just 
runs freely from the brush, and does not drop in lumps.] 
Strength of Glued JoiNTH.~[Have ready a short. 
Endeavour to break it, thus demonstrating fact that the 
joint, if woTl mode, is stronger than the wood itself. Call attention to weakness 
if too much glue be used.] ♦ • * 

Auhehivk Nature. — l^t us endeavour to discover why it is that glue fastens two^ 
pieces of wood together. What have we discovered concerning the nature of glue) 
“Sticky.” When two things stick together, they are said to “julhere” together. 

Effeut of Pores in wood. — What did wo discover to Ixi the nature of wood) 
[Refer to occasion on which water was placed on wooil.] “ Porous.” If water soaked 
into the pores of the wood, what can wo conclude will happen when glue is placeil on 
the wowl) Could pieces of glass or iron be firmly “glu^” together) Why not) 
“Alnionoe of pores.” Here are two pieces of wood [Exhibit specimens] one of 
which is soft, i.o. white pine, another very hard and close-grained, i.e. pitch pine. 
Which do you suppose will hold together liest when glued, and why ) “ White pine 

softer, more porous; glue soaks in belter.” 

K.XCLU.SION OF Air. — [Explain: Close contact of fitting surfaces; glue causes 
exclusion of air lietween pieces; consequently the atmospheric pressure on pieces 
presses them together, aiui assists oilhesivo power of glue. Refer to experiment 
with wet leather sucker and string; mblier aisk with hooks for attaching to glass 
im shops.] 

‘ BLACKBOARD NOTES 

GLUE = Strong Gefnfutt 

ICanq/totared frotiFi^iimal refuse containing gelatin*^ 

Homs, hoofs, skins. 

Boiled — Strained— Cut into slices— I >rie<l on netting. 



rig. no 

well -dried glued joint. 
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Kindf. — Numerous — English, French, Scotch, Ac. 

Test ibr Unality.— Swells wheitjiljp^^^Bter— insoluble. 

G^W.-~Sticky if rub^fe — Clear — light — fr^ from 8{)eck8. 

Infetwi\ — Dissolves feel — Cloudy — contains specks. 

Glue Pot — Inner — ^ue. Outer pot-Lwrfter. Water prevents glue from burning. 
Preparatioii for Uie.—Brokon into small pieces— soaked in cold water— Iwiled. 

Ready for Use.— Run freely from brush — not thick — not thin. 

Reasons for Holding. — Stick}' nature — Pores in wood — Evclusion of air. 

Good 4oint. — Stronger than worn! itself. 

Make sectional sketch of glue {Hit on Macklxvird. 


CHAPTER XV 

Notes of Lessons on Screws and their Uses 

. Requirefl /or tJie LenHons. — 

Sample screws of variouM types, sizes, and metals; an ordinary .screw 
packet. 

Call the attention of the class to various methods of fixing pieces of wockI 
together, or fixing metal to W(XkJ, and the use of screws for such purpose's. 

Definition. — The screw is a form of nail used for fixing pieces of wikmI 
together, or for fixing metal to wood. 

The Head and Slot. — Exhibit a common wood screw, preferably a largt* 
one. How are these screw's made to enter the woodf What instrument is 
used for turning them?* Where is the end of the screwdriver place<l? 
“Slot” Where is the slot 8ituate<l? “ fn the head.” What is the shape 
of the head? “Conical.” What must be done to the hole in which it is 
intended to place the screw in onJer to accommodate the conical hea^l? 
ExpULaterm “ counterslmk ”, hence Jieads of this particular shape are called 
“coimtmunk heads”. 

HIead^ Varv in Shap^ — Refer to other shapes and exhibit sjiecimens- 
* as; “‘iitmd healied”, “ gothic^ headed ”, square headed”. 

NG Surface of HSads. — Gall attention toi difference between bear- 
ing sunace on under side of heads, as: sloping in countersunk screws; flat 
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ill roiirid-headwl and square-headed screws. Explain: square-headed screws, 
known as “coach screws". 

Question coi^min^ reason for this difference in the shape of the heads. 
(’oi^VTERsiTNK Heads. — These draw more easily into the w(X)d and allow 
the heails to be turned in flush with the surface of the work. When used * 
for metal the holes have to be countersunk to receive them. Ask scholars 
to mention examples of the use of such screws. Call attention to examples 
in r<jom, if any, such as hinges (butts), locks, window fastenings, desks, &c. 

Round-headed Screws. — These are used for ornamental purposes. Fix- 
ing tfiin metal to wood. Fixing locks, Ixilts, &c., where the projecting heads 
would not prove a disatl vantage. Call attention to the danger of countei-sunk 
heads pulling through if countersunk into thin metal plates. 

SijUA RE -HEADED SCREWS. — (k>ach screws. Exhibit specimen. Refer to 
great strength and use for heavy work. Call attention to alisenco of slot. 
Why is this? Explain: The screwdriver is not strong enough to turn such 
screws, hence the heads are s<|uare in order that a “ screw hammer " or 
“ spanner " may be used. Call attention and demonstrate the greater leverage 
offere<l by such tools. In this connection it would be well to call attention 
to the leverage obtained by means of an ortlinary screwdriver by virtue of its 
“ pear-8ha|>ed " or elliptical handle. Long screwdri vet's afford more leverage 
than short ones, owing to the fact that if the axis of the screwdriver be tilted 
slightly fn^m the line of axis of the screw, the handle moves through a circle 
having a considerable raciius, thus affording much more leverage than does 
a short screwdriver. 

The Hhank and Thread. — What is the shape ot the top portion of the 
screw? “Cylindrical." How does the bottom portion differ from the top? 
What is the V-shape<] ridge running round the lower portion called? Ex- 
plain: “thread”. Allow the scholars to examine the sharp edge of the thread, 
and compare it with an “ engineer’s screw ”, i.e. setscrew or bolt. Why is the 
thread so sharp? Why does the^screw di*aw into the wood? In what direc- 
tion does the thread pass round the screw? “Spiral." Allow the scholars 
tv hold the threaded portion of a screw between the thumb and finger, and 
turq it round in onler to understand the reason for this spiral twist 

Explain: The threads are cut by means of special lathea if possible 
, exhibit a “ blank screw ", also some of the turnings. Sometimes a 'blank and 
often small pieces of the turnings may be fovnd in the packets of screws: 
these should be kept fvr the purpose of suchMessons as the present 

Pitch, or Thread. — Explain: The distance between the flanges is called 
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the " pitch Tlie pitch d^rmines the rate of advance or entry. For every 
turn of the .screw it advances a distance equal to the pitcli. 

The Point. — Call attention to sharp-pointed end. What^ the inlvantaj^e 
of the point? Demonstrate ease with which such screws enter soft wfxxi. 

* File the point off a screw, and demonstrate necessity for borinfj a hole the full 
depth of screw. 

Compare old-fashioned, pointless screws with modern screws. 

Whole of Shank not Threaded. — Question concerning the reason for 
not continuing the thread from point to head. This needs some explana- 
tion. 

If screws were threaded for the full length of the shank they would 
advance through Ixith pieces of wood at a uniform rate, ami when the heml 
reached its seating it would be impossible to further turn the screw. Should 
there be any space between the two pieces btdng fixed, this could not he 
closed, and the pieces would not draw together. By leaving the top portion 
of the screw blank it is po-ssible to continue turning the screw though the 
head has reached its seating, thus the lower piece of wootl continues to draw 
clo.ser to the upper piece until the screw is quite tight. 

Demonstration.s. — An ordinary bolt and two nuts will serve to show the 
uniform advance of the parts until the first nut reaches the head. 

Made of Different Metads. — Exhibit screws mmie of different metals 
as: Iron, brass, copper, iron galvanized. Question concerning the different 
metals used and reason fur same. 

Iron . — Ordinary work, protected from weather, or where rusting of .screw 
is not objectionable. 

Brans iiTul Cerpper, — Ornamental work. Fixing braas or copisr work. 
Situation exposed to damp, where the rusting of screw would lie objection- 
able. 

OaivanizeAl Iron. — Wwk exposed to weather. 

Size of Screw.s.— Exhibit several screws of the same length, but having 
different “ numbers Call attention to cfifferencc in diameter. Refer to 
“number” on screw packets. • 

Exhibit screws diffefing in length but having the same number. ,Call 
attenfjion* to uniform diameter of each though length varies. 

ExplaiVi: The size of screw is indicateil by its length and number.. 
Higher numbers = greater <}iameter. • 

Advantaoe Over Common Naiik — Refer to method of driving nails and 
shocks eccasioned thereby. Avoidance of shocks by use of screws. , 
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Refer to i^some cases, of frequently tailing work to pieces, and 

_ -tr.. .. . 

of screws as compared with 


if doingWif nails be used. 

the grfeat(# holding power 


nails. 

UioiiT AND Wrong Driving. — Screws should be turned in, not hammered. * 
Show effect of haminenng a screw into a piece of wockI. This can ho, done by 
‘ cramping two pieces of wood tightly together, and 
at the joint entering two screws, one driven in 
with a hammer as at A, the other turned in by 
means of a screwdriver as at B (Hg. 111). 

Unscrew the cramp and separate the pieces, 
(^all attention to ruptured condition of fibres at A; 
the cutting effect of flange at B. 

“ Overturning ” Screws. — Explain: Two evils 
likely to arise — (d) Screw becomes loose owing to 
the fibres of the wood surrounding the thread of screw becoming ruptured, 
i.t‘. broken and torn; (b) Danger of the heads being screwed off. These 
[K>ints serve the purpose of useful lessons in applied mechanics for more 
a<lvanced classes. The following j)oints should receive attention. 

(a) Demonstrab^ lifting action of the “ incline<l plane composing the 
.spiral flange of screw. Show that it represents a thin wedge having a bast^ 
equal to the js'riphcry of the .screw’ and an altitude o(jual to the pitch; that 
the wedge is driven forward with a force e(jual to the turning force exeiied 
plus leverage of screwdriver; that the reaction of the flanges of the thread 
is at right angles to the surface of the thread; that the inclination of the ^ 
plane being so slight such reaction is almost perpendicular, thus exerting 
sufficient force to rip or tear the fibres of the w’ood if they be soft. Further, 
that if the woo<l is hard, the stime action takes place, but the fibres resist the 
tearing action of the flange. The head refuses to penetrate farther ow’ing 
to hardness of the wckxI, the result of which is to set up an enormous amount 
of tension in the screw, which, together with tlie torsion set up, causes the 
.screw to break at the top of the threaded jiortion. 

(/>) Explain action as in previous ca.se. If the screwrs bo “ round*headed 
the reaction on under side is perpendicular to the surface, and the heads are 
easily turned off. ^ 

Demonstration. — Where screws are mader.of brass the metal is brittle 
in character, and the absence of ductilrty enables the heads to be turned off 
with great ease, (a) Break a brass screw and examine fracture, (jb) Turn 
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BLACKBOARD NOTES 

A Screw. — A spiral form of nail. 

Parti.— 

A. Slot. — Opening for screwdriver. 

B. fconieal — Countersunk — Round heads — Square 
heads, &c. 

(j. Shonk . — Cylindrical forming lower part of screw. 

I>. Thread. — Thin flange spirally arranged round .shank — 
Cuts into wood — Causes screw to draw down (lives 
great holding power. 

E. Pitch. — Distance netween threads. 

K. Point. — Screws enter more easily. 

Kindi. — Named after shape of head — .Metal from which made. 

Xetidl Uied. — Iron— Brass— Copper. 

Siie indicated by length and “ number 

Vatnber indicates diameter of shank. Same numlier = same 
diameter for all lengths. 

Advantage over Kaili. — I^ss shock — Easily removed —Greater 
holding power. 
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INTRODUCTION 

The object of the present section l)ein^ to bring togetlier, in concise form, 
descriptions of tlie various tools used in the manual-training room, and as far 
as |Kxssible to describe the method of manipulating each as applied to a pro- 
gressive course of exercises in woodworking, an endeavour has been made to 
indicate the lines upon which lessons on the vanous tools may bo taken, in 
order to develop the scholars’ powers of observation and reasoning. No hard- 
and-fast lines can be laid down for such lessons, however, and the individuality 
of the teacher must be brought into play. 

The illustrations have been specially prepared in sketch form rather than 
direct from photographs, thus rendering them more capable of reproduction 
on the blackboard. Such sketches when reproduced on the blackboard are 
very striking, and readily impress themselves on the mind of the scholar. 

In some cases blackboard notes of lessons are given. This has been done 
in order to show how the blackboard should be used for the purpose of 
summarizing the lessons. 

It is a good plan for scholars to have notebooks in whicli such summaries 
may he entt^rod, but unfortunately the time alIotto<l to manual-training lessons 
dm's not always permit of this practice. 

The lesson on “A Firmer Chisel and Comparison with Other Kinds” 
indicates in a general way the method of comparing and contrasting similar 
t<K>ls, and can i*oadily bo applied to other than those mentioned. 

The lesson on “ The Grindstone and Grinding ” has been treated somewhat 
lully in order to indicate the method of questioning, with a view to making 
the scholars observe, think, and reasov. , 

The underlying scientific principles and problems are dealt ^ith in the 
chapter on “Science in Manual Training”. * • 

<It is hoped that the present w’ork will^ afford valuable assistance to 
technical students as Well as teachers and scholars in the manual -training 
niom. 
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CHAPTER 1 

Try Squares and Their Uses 

Try squai'es are instiniments used for tenting the “8(|uar(‘!ieH«” of materia), 
also for enabling lines to be drawn at right angles to any given surface. 

Construction. — Try squares consist of two main parts — the stock and 
the blade. 

A. The Stock . — This must be 
made of a hard tough wo(k 1 that 
will not warp. Ebony and rosc- 
w<)od are chiefly used. 

The wood must bo exceptionally 
well seasoned to prevent shrinkage 
and distortion. 

Tlie length of the stock varies 
according to the size of the wjuare; 
while the two edge face^ must be 
pai'allel to ensure true angles be- 
tween the stock and the blade. 

The working angles, of which 
there are three, as in fig. 113, ahe, 
must l)e absolute right angles. kik im 

The angles are: (a) Tlie right • 

angle betweei\ the under edge of blade and face of stock; (h) the angle 
tween the outer edge of ^lade and inner face of stock ; (<•) the angle IjctwecTi 
the outer ^edgo of blade and outer fa^ of stock, • 

B. The Blade . — This must be of steel and well teinpei^Hl. The edges 

must bo perfectly straight and parallel to ensure that bfith internal an«1 ' 
external ^g<!8 may Ije at ri^t angles to the stock.- ^ % 

The edges of the blade lire subjected to consideralfle wear, and when worn ' 
in the slightest degree alter the angle, os well as the straightnesit of lines 

^ 14 .^ 
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ina<le by their moann. When worn, the edj^es muat bo refiled and angles 
made true, a fKHiiewhat difficult operation. 

C. A 6mwr platf covering the inner face of the stock. This surface is 
Mubjf^cted to the greatest amount of wear, due to friction between the parts, 
when the instrument is in use. Brass wears more evenly and lasts longer 
than an unprotected wooden surface. 

I). plateM are let in, one on either side of the stock os shown. 

Such plates are essential to prevent the rivets, used to fix the blade in"^ 
jsjsition, from splitting the stock whilst they are being 
tightened (riveted), and also to prevent splitting should 
the square fall. The shape of the plate is of little 

iinpoi'tance,but is usu- 
ally somewhat orna- 
mental as shown. In 
the cheaper 8<iuares, 
three diamond-shaped 
pieces are used, as in 
fig. 114. These neces- 
sitate the use of less 
brass, but are not so 
effective as the fonner 
pattern. 

E, RivefH. — The 
blade is fixed to , the 
stock by means of 
three rivets. 

It is essential 
that the blade 
shouhl be in a plane perpendicular to the face df the stock (fig. 115). 

AH parts must be rigidly fixed together, and any looseness of parts is a 
sign of inferiority. 

' Dimension of Try Sc^uares. — The sixe of a try square is indicated by 
stating the length of the blade, measured from the inner face of, the stock 
to the outer eitd of the bla<le. 

All other parts are in proportion, and have not to <be stated when 
ordering. ' 

The stock is usually ' about half the length of the blade, and the two most 
convenieht sizes for manual-training purposes are 4J or 6 in. for small work, 
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and lOJ or l^^in. for large work. The smaller of these dimensions will, in 
every case, be found to meet all requirements. 

Method of Usin<i. — For viarkhig lines at right atujles to working faces. 
^ — It should be laid down as 
a rule that “ Wh^n in use 
the stock must always he 
against a working face of 

material'*, i.e. against 
the face side or ftice edge of 
the work. Fig. IKi shows 
the method of holding the 
try Hfjuare in position. The 
thumb should press the 
stock against the face of the 
work. The first finger keeps 
the blade flat on the work. 

The remaining fingers are 
stretched across tlie work 

and clasp the back edge when the work is narrow, or grip, by friction, the sur- 
face of the wood should it happen to l)e too wide for the hand to stretch across. 

The position of the hand 
will vary somewhat accor- 
ding to the position of the 
face marks on the wood, 
but little difficulty should 
1)6 experienced if the two 
following rules are kept in 
mind; (a) Have the stock 
pointing to the left. (6)* 

Always work with the 
stock on either the face 
side or face edge. 

All lines should he 
drawn alo7ig the outer 
edge of the llad^\ 

Uhe of the Inner « • 

Angle. — The chief use of tffe innci* angle is for testing the squarenem of 
the angle between two adjacent surfaces. • 
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UO PRACTICAL PRINCIPLES 

Thin operation requiren more care than* is usually bestowed upon it 
Ki^. U7 shows in a j^eneral manner the method of performing jIim operation. 
The stock should be claspecl easily but firmly between the tips^ the thumb 
and fingeiu 

The (thick viuHt cUimye }k> placed agahiet a wacki'iig face — the face side or 

face edge. 

The stock must stand perjten- 
dicular to the edf/e to be tested. 

The. Umle must he held jicrfien^ 
dicular to the surface tested from. 

Use ok the Outer Angle. — 
This angle is often of service for 
testing the angle between the inner 
faces of a piece of work, as indi> 
cated in fig. 118. 

Testing a Trv Square. — It 
has already been pointed out that 
it is esstnitial that the angles of the try s<juai-e should be true. They can be 
test4>fl in the following manner; Pi'epare a piece of wood having a perfectly 
straight edge. Apply the try square to the e<lge and draw a line the full 
length of the bla<le; now turn the try scjuare over and slide the blade up 

to the line alrea<iy drawn. If the 
angles are true, the edge of the blade 
will coincide with the first mark; any 
deviation indicates an error. The 
principle underlying this can with 
advantage be demonstrated by means 
of a folding rule. Fig. 119 shows the 
two arm»> of the rule not at right 
angles, and the angle of deviation in 
consequence. If this deviation be 
halved, and the arms adjusted to the 
middle poiift, it will be found that 
‘they are at right angles. ^ 

Further Use of the Blade,— I t is often ^convenient to usfe the edge 
of the blade as a straight edge fc»r drawing (Short lines wtiich are inclined 
to the edge of the material. The e%Ltremiiil« of such lines having been 
determin/^d and marked by means of pencil, the blade of the try square 
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may bo apdM and held by^ means of the thumb and fingers of the left 
hand as ii|^|Uition (%. 120), the line being drawn by means of knife or 

nencil as desired. 

Special FoRMa— The angle 
of 45” is so often required that 
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provision is now often made for it in connection with the try s({Uaro. This 
is done by making the top end of the stock at an angle of 45” with the inner 
face, as shown in fig. 121. Such squares are known by the name of “mitre 
squares”. When used for marking such angles, the inclined face is applied to 
the work. Whilst being approximately tnie it will readily be seen that this 
inclined surface is too short to ensure great accuracy in working. Another 
disadvantage caused by removing the comer of the stock is the reduced sup- 
port afforded to the blacle, thereby increasing the tendency of the instrument 
to get out of order. 
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• CHAPTER II 

Gauges and Gauging 

Gaug^ are instruments used for^ marking lines on the wood parallal to 
any Working face. • 

For manual-draining puvfxises three kinds are in general ust*: (1) The 
singlc’-tooth marking gauge; ^2) the moi'iise gauge; (3) the thumb gaqge. 

Stngrle-tOOth Marking OAlge.-— This gauge is immufactured from various 
materials, as wood, iron, and combinations of wood, iron, and brass. • 
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The principle underlying the construction is the same in each case. 

There are four main jiarts, os shown in fig. 122. 

A. The Htem or fM'um, a piece of wood about 7 in. long, the section of 
which may vary in shaixi, but is usually 
maih^ to the form shown in the sketch. 

Near one end a steed pin is pas-sed through 
as at H. 


FIk 182 KIk. rJ3 

H. The Sfnir . — The spur is of steel, and when lx)ught is usually sharpened 
to a conical point. The spur should lx; so sharpened, as shown in fig. 123, 
to act as a cutter. The spur is driven through a hole in the stem, friction 

The spur .should be kept very sharp in 
order that it shall make fine cut lines and 
otter the least amount of resistance to the 
forwanl pressure \j^hen in use. 

The spur is sharpened by means of a file, 
and when much w'om can lx* driven farther 
through by means of a light tap with the 
hammer. 

If the cutting* portion of the spur is turne<l 
, slightly, so that the plane of the blade forms 
a very acute angle with the face of the 
stock, as indicated at AH in fig. 124, it then 
, has a^ tendency to draw farther on to the 

work, ill this way tending to keep the stock close to the working face'. Tliis 
, slightly increasi's the resistance to forward motion, but necessitate loss effort 
to Ijeep the stock in position again At the face of the wood. 

C. The Stock. — The- stock consists ’of a bifick of wood through which a 
hole is Riadc to receive the stem. 


alone keeping it in |Kisition. 
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The face of the stock must be at ri^lit angles to the axis of the stem. 

The stun, whilst fitting closely the hole in the stock, shoultl be free to 
slide through the hole when pressed at either end. 

,, The shape of the stock may vary. Three (x>ints have to b«‘ considered 
in its construction: — 

1. To give sufficient bixiy of iiuit trial to ensure rigidity, and to enable it 
to eanrif the screw V'h ieh is used for fix ing it in posit ion on the stem. 

2. The shap<‘ that nnU best so It the hand of the erperator. For this reason 
the top is usually made semicircular, In order that the first finger may rest 
over the arch. 

3. Protection <f the face of the stock which, wftm in use, is in contact with 
the work; for this reason gauges hare Ut lx' made of hard, close, and straight- 
gin, hied uhmhIs, l)eechn\j(Ki bein{f most commmdy used. 

The face is sometimes protected by means of two narrow Iwinds of bi-ass 
let into the face of the stock. In some coses the entire face of the sUx*k is 
covered with brass, but this entails needh*ss expense. 

1). The Thumbscrew . — The stock is fixed in any desired |>osition along 
the stem liy means of a thumbscrew. 

The screws being ma<le of wood it is at once evi<leiit 
that the wood used must Isj exceptionally hard, or the 
“threafl” would break away, hence boxw<KKl is use<l for 
the purpose. 

The screw is usually placed in such a position that it 
faces the operator when the gauge is l)eing use<l, and 
presents a serious obstacle to lx)ys whose hands are small. 

For this reason it is better that the stock be taken off and reverse^!, thus 
overcoming the foregoing difficulty. A further advantage is obtained by 
filing a thumb slot in edges of the stock, as shown in fig. 12/5. The removal 
of the sharp edges of the s'l<x'k is a great convenience where much gauging 
has to be performed. ♦ 

Metal Marking^ Gauges. — Some marking gauges are now manufactured 
entitely of metal. Such .gauges are less liable to get out of ord*!r. Bein^ 
made of i^etal their dimensions must* be kept small to ensure lightness, Vnd 
the present, forms are in this respect too small, which is a dilfedvantage. 

The Mortise# Gauge. — The chief use of this instrument, as its name 
implies, is for gauging the sid^ of mortises and also for gauging the corre- 
sponding tenons. 

As will be seen in fig. 126 there are two spurs which can be slparately 
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fig. 19B 


adjuaUi^lor relative position with the stock, thus enabling two lines to be 

made at any given distance apart, and at 
any required distance on from the face of 
the work. , 

Construction.— The construction is much 
more complicated than for the ordinary 
marking gauge, but the principle is the 
same. 

Tlie “wooden” stem or Ixjam (A) is a 
piece of wckxI about 7 in. long and usually 
of sijuai*e .section. 

The stem, ami other wocxlen parts of 
mortise gauges are usually mode of ebony 
or rosewood. 

One surface of the stem has a T-shaped 
groove cut along the entire length, into which 
a bar of brass, having a corresponding s<?c- 
tion, is titteil (B). 

A small })ortion of the Imr alwut I in. 
long is cut off and rigidly 8crewe<l, as at C, to the wooden stem. Into this 
small piece one spur is fixed. 

The spur D is carried by the small piece of brass 
stem which is fixed to the wooden stem. jBk. 

As already explained, the brass sliding stem 
T-shaped section, the fianges of the T Ixiing inside tbe 
wooden stem, thus keeping the bar in position, and en- 
abling it to slide freely along the wooden stem. 

This bar also carries a spur fixed close to the end, 
where it fits against the smaller piece which is fixtsl to 
the wooden otem. When the two portions of the brass 
stem abut, the spurs are about J in. apart 

At the bottom end of the ojliding brass stem an^ttn? 
larged flange is formed, through which a holp is made 
to receive a long thumbscrew, which is used, for adjust- 
ing the sliding stem. ** <- 

♦ A brass thumb piece A^carrpng an iron screw, passes 

through the flange B,’and a hole is' bored up through the centre of the 
woode^. lutein to receive it, as at F (tig. 127) 
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At the end of the screw near to the thumb piece a collar is the 

screw as shown at D. Thus the screw is free to turn; at the same time its 
relative position to the sliding brass stem is not altered. 

^ A small nut is inserted into the wooden stem as at I, about IJ in. 
from the bottom end. The position of the hole in this nut is ntade to 
coincide with the hole bored up through the stem. The thumbscrew, whicli 
is loosely attached to the sliding stem, passes thi*oiigh this nut, and when 
turned moves up or down accordingly, and owing to the loostdy fitting 
collar already mentioned carries with it the sliding brass stem. Hence it 
will be seen that the distance Isitween the two spurs is regulattsl by means 
of this screw. 

The stock E consists of a bh'K^k of wood through which a hole is made to 
receive the stem. The face is usually protected from exce,saive wear by means 
of strips of brass (as at F, fig. 126), or by a brass plate covering the entire 
face. It is fixed in position on the stem by means of an “iron set-screw". 

The 8et-aci*ew (G, fig. 126) being made of iron, and conse({uently having a 
much finer thread than would l>e used for a woo<len screw, it is necessary 
that the screw should work in a metal nut “tapped", i.e. internally threaded, 
to receive it. 

H is the brass nut for the set-screw. 

I is an iron washer against which the set-screw works, an<l distributes the 
presBUi*e of the small screw over a greater area. 

is a metal plate screwed to the stock, and forming a socket for the head 
iSpb set-screw. , 

An ordinary thumb-screw cannot be U8e<l for a mortise gauge owing to 
the fact that the screw hiw in this cose not only to fix the stem to the stock, 
but also the brass stem to the wooden stem. The brass stem being on the 
under side, any thumb-screw in this position would consequently be in- 
convenient when working.* Further, the gauge is, in the ordinary way, 
somewhat cumbersome, and the addition of a thumb-screw would tend to 
increase this. ^ 

j It will be seen that pbony or other very hard wood is necessary in thfe 
oonstructipn owing to the friction between the stems, and the fact tliatHhe 
stem Has tp be bored to receive the adjusting screw. • 

Thumb Gauges. — The former gauges cut into the surface of the wood. - 
In some cases this would prot^e a disadvantage, as in the marking ouit of 
chamfers or bevelled work, ^e difliculty is overcxftne by cutting a small 
piece of wood of rectangular section and making a notch at the eA<j^ to lap 
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over the face of the work, an shown in fig. 128. The notch, or notches, can 

made any length to suit the work in 
hand. 

Setting the Single Gauge.— It will, 
be necessary to give a demonstration on 
the metluxi of setting the gauge. The 
scholars should set their gauges stage by 
stage, the teacher giving the necessary 
instructions and demonstrating each, 
watching carefully to see that each step 
is correctly carried out. 

The gauge should be held in the left 
hand, and, the screw l)eing 
l(X)sened, the stock can l^e 
moved along the stem by 
means of the eml of the rule, 
or pushed forward with the 
thumb of the left hand, as 
shown in fig. 1 2f). When the 
stock is in the desired posi- 
tion the screw should then 
be tightened. The distance 
between the stock and ^pur 
should again be tested to ensure that 
no movement has taken place. In 
the eiirly lessons it is advisable that 
the teacher test all gauges after 
they have Wen set by the scholars. 

Edgd Gauging.— It will now 
bo necessary to give a demonstra- 
tion on the metho<l of fixing the 
wood in the vice, the method of 
holding the gauge, and t))e pose of 
the body whilst gauging. 

Tbs wood should be fixed in 
the 'vice with the face side next 
the operator, i,e. outwarvls, and with the face edge uppermost. 

The g>%uge should be held in the left hand, as in fig. 130, when it will be 
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seen that the thumb comes directly behind the spur, the first finfjer being 
arched over the stock, wliilst the three last fingers <*lasp the stem. 

Each scholar should stand i^ehind Ins gauge and at arm’s length from the 
^ work. The left foot should Ije extended well forward, the right extending 
backwanis and slightly inclined to the side of the bench. The right hand 
should rest flat on the bench to support the weight of the body, and the left 
arm should be kept fairly straight. The gauge must be held firmly against 
the face side of the work, taking care to keep the stem at right angles to the 
face of the work. In order to advance the gauge it is necessary to pitiss it in 
an obli(jue direction, as indicattMl in fig. 131. This has the effect of keeping the 

gauge \ip to the work and 



into the wood the spm should slope slightly in the direction in which it is 
intended to draw the line. Fig. 132 shows the gauge sloping, whilst the 
arn)W indicates the direction in which the gauge is moving. 

A Common Mistake. —A mistake commonly made by beginners is that of 
ceasing to maintain the pre.ssure ujx)!! the gauge when nearing the end of 
the work, the result Ixiing'that the line is not parallel to the foe© of the work. 
This fault should l^e carefully i>ointed out during the demonstration. 

Taken by JStag^es. — The first attempt on the part of tlie scholai's should be 
taken stage by stage, tl^e whole class executing each order as it is given. The 
following are the stages to l)e foll(gved to ensure correct methods froai the 
outsdt: — ^ • 

1. Set the gauge as described, and place it on the bench near the vice; 
with the stem parallel to th% side of tHe bench and pointing to the left. 

2. Fix the wood in the vice, keeping it as high ‘as possible and with the 

face marks turned towards the operator. ^ • 




s^CP^es 



rig. in 


PBA^ICAL PRINCIPLES 

3. All scholars s^uld now he^lfi^e to stand in position as described^bove. 

4. The scholai’s may now 
take up their gauges and 
place them in position with 
the spur on the end of the 
wood nearest them, sloping 
the top end of the spur away 
from them slightly (fig. 
132). 

6. Instructions may now 
1)6 given for the scholars to 
gauge their line, reminding 
them of the direction in 
which to press the gauge. 
Teach them to go slowly and 
steadily. 

There is usually much 
slovenliness in the matter of 
gauging, and bad habits once acquired are difficult to eradicate. Time is 
well spent in thoroughly mastering each detail in turn. 

Surface Gaugingr.—In this case 
the work cannot be fixed in the 
vice; other methods liave, there- 
fore, to berodopted. 

The work should be held in the 
right hand, with the thumb on the 
end nearest the operator, and the 
remaining fingers stretching down 
the back*' edge of the material and 
forming a cradle in which the work 
rests. The bottom end of the work 
is pressed against the bench stop and 
kept in position by the pressbre of 
the right thumb. The pressure on 
< ^ the gauge is re8i8ted«by Uie action of 

the first finger of the right hand, 
which re^ the back edge of the wood,* and is in opposition to the 

force applied «Fig. 133 indicates these positions in a general way.. 
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^ The gauge in held iii the left 
hand as for edge gauging, and 
when it has been advanced about * 
, halfway along the material the 
thumb of the right hand should 
be raised and the hand slid along 
the material, in this way clasping 
it about the centre. The material 
should then be removed from the 
bench stop to the side of the bench, 
and the line completed (fig. 134). 
Moving the work in this mannei^ 
enables the line to be carried to 
the end without the screw coming 
in contact with the surface of the 
bench. 

Setting the Mortise Gauge.— 

The width of a mortise is governed 
by the width of the mortise chisel 
to be used. The thickness of the 
tenon must correspond to 
the width of the mortise. 

Having selected the 
particular chisel to 
used, make a mark with 
the cutting edge on the 
piece of wood where the 
desired mortise is to be 
made (fig. 135). This* 
mark indicates both width 
and position pf the mor- 
tise, and the gauge mi^t 
be sef tp it. Loosen the 
set-^rew^ and move the 
stock so that* the fixe<l « 
spur corresponds to the 
far end of the mark. 

Next, by means of the 
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tiiumb-Hcrew, adjust the sliding stem so that the spur corresponds to the 
near end of the mark. ^ 

'I'ighten the set-screw, thus fixing the stock in position. It is always 
advisable to make trial lines on an odd piece of wood, again testing them 

with the chisel. The corners of the chisel 
should come just to the centre of the gauge 
lines. This is important; for should the gauge 
be carelessly set it will not affect the chisel 
portion ‘of the work, but the tenon, on being 
cut, will bo either too thick or too thin; a 
serious ermr either way. 

Diflloulties of the Mortise Gauge. ~A.s 
the gauge is heavy and cumbersome it is 
advisable to fix the work in the vice when- 
ever possible, and l)oth hands may then be 
used in opeiating the gauge. 

The left hand should occupy a position 
similar to that descril>i‘<l for the single gauge, 
the right hand merely assisting in overcoming 
the resistance of the spurs. 

Using the Thumb Gauge.— Having cut 
the notch to the require<l length, the gauge 
may be placed in position with a pencil resting against the end, as in fig. 137. 
Both gauge and (iencil are then drawn towards thtv operator, as indicated 
in the figure. 



CHAPTER III 

•Saws 

• CLASSIFICATION AND PRINCIPLES OF CONSTRUCTION 

• r 

Definition. — 8a ws are instruments used for cutting wood, and have for 
their main object the production of clean-cut surfaces (flat or curved) with 
the le^t expenditure of material and energy. “ 

Clasal^eation. — They'* may be divide into Wo classes: (a) Those used 
for pixslucmg plane surfaces; (5) those used for producing curved surfaces. 
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Saws Used for Producing Plane Surfaces. — Many saws belong to this 
group, but only those required for manual -training purposes will here be 
dealt with. They are: {a) Rip saw; (6) hand saw, not often used; (e) j>ancl 
, saw; (fi) tenon saw; (e) dovetail saw, not often used. 

Saws Used for Producing Curved Surfaces. — T o this group lielong: 

(a) Bow saw; (b) compass saw; (e) pad saw. 

Construction. — Formation of Teeth. — The construction of saws must 
depend upon the work they are required to perform. Mast saws are 
re<iuiied to act at a consirlerable depth from the surface; hence, whatever 
form of cutting edge is adopted, this edge must lx* supported, and the 
supporting body must be of such a 
character that it can follow tlie opening 
maile by the cutting edge at starting. 

It will readily be seen that a con- 
tinuous cutting edge, such as a razor 
edge, will not serve to do the work as 
outlined in the above dehnitum. Any in- 
stniment with a true cutting edge must 
of mxjessity carry a wedge-shaped support- 
ing Ixxly, which would prevent it acting 
at any great distance below the surface. 

When wedge-shaped cutting tools are 
used for cutting timber transvereely , there wg. m 

is in conse<iuence an eijormous waste of 

energy and material, and the surfaces produced by their use are generally very 
irregular in character. Tlie difficulty is overcome by the use of flat plates of 
steel, and the formation along one edge of a series of indentations. The inden- 
tations take the form of triangular recesses, with apex towards the plate, thus 
throwing a series of sharp'points (teeth) into line with the edge of the plate. 

In order to understand more clearly ^he cutting action of saws, it is 
neceiBsary to study the character of the material to be cut. In the present 
instance that material , is wood, and all wood is more or less fibrous »in 
character Again, mucli of the cutting takes place at right angles t9 the 
fibre," i.e. ficross the grain. * 

When forming the teetli, as described, if the triangular recesses Ixj fih*d 
at right angles to the plane»of the pldte, this would form an eilge i|t the 
apex of e^h triangle crossing the thickness of the*plate at right ^angles, as 
at a a (fig. 138). • 




3^0 re^ 


158 


PRACTICAL PRINCIPLES 


Now wo have oeen that the wood is fibrous in character, and any attempt 
to cut across the fibres with such a saw would mean that, as the saw was 
thrust forward, the straight edge of each tooth would “burst” some of the 

fibres, as shown in fig. 189, causing ^ 
them to splinter, but it would not 
remove them and give clearance for 
the blade. The loose fibres would act 
as valves, and when the saw was drawn 
back the valve-like action of the fibres 
would “ grip ” the saw and set up so 
much friction as would make it diffi- 
cult to move the saw. How is this 
to be overcome? It is clear that the 
rt(|.isQ cutting must be of such a character 

that the fibres are i*emoved for a 
length equal, at least, to the thickness of the saw plate. To do this the fibres 
must be cut in two places. This is accomplished by filing the teeth in such 
a manner that a double row of points is formed, the points being on the 
outer edges of the plate. This is illustrated in diagrammatic form in fig. 140, 




Fig 140 , no- 141 


aaaa being the points. Holding the file in the position necessary to 'form 
•such teeth has the further advantage that the advancing edge of each tooth 
is formed into a “cutting edge” which materially assists the cutting action. 
Such teeth sever the fibres at two points, as at ct 6 in fig. 141. The fibres 
xorming the triangle above ab are caught in the triangular space, “the 
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gullet”, between each pair of teeth, carried forward and liberated outside 
the cut as "sawdust”. 

This is the underlying principle for all saws, but various modiiications 
^ have to be adopted according to the special work each is intended to 
perform. 

Teeth formed as above would make a cut (kerf) no wider than the 
thickness of the plate, and the friction on the sides would quickly prevent 
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the saw working. In order to overcome the friction and give greater clear-, 
ance for the saw blade, the teeth are alternately bent outwards in opposite 
directions, as in tig. 142. This process is Jtnown as "setting” the teeth. 

All saws are "set”, but not to the same degree. The amount will vary 
with the nature of the work to be perfonned. Rip saws and dovetail saws 
require only a slight amount, whilst hand saw's receive a considerable ami^unt. 

Saw Handles. — The handles are very important. Tliey should be well 
shaped and tit .the hand comfortably. 

Too much care cannot beo bestowed upon their tinish. A bmlly tinished 
handle is a source of auno^^knee whilst w^orking wsith it, and lea^ to un- 
satisfactory work. 
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The handleH are usually made of beech, but applewQod ja used for the better 
class of saw; handles ma<!e of this wood are much iuof« pleasant to work with. 

The Inclination of the HANDLE.~<-It will be seen that the handle* are 
in all cases inclined to the line of the teeth. When a saw is in use, pressure 
has to bo exertc<l in two directions, namely forward, in order to advance the 
saw, and downward, in order that the saw shall enter the material, niese 
forces would demand the use of both hands, or necessitate the exertion of 
leverage from the wrist, were it not that the principle of the “ parallelo- 
gram of forces’* can be applied. The dotted diagram at E, in fig. 147, will 
explain this principle. The force exerted at F, acting at right angles to 
the axis of the handle, is resolved into the rectangular components, owing 
to the teeth being in contact with the material, one force driving the saw 
forward whilst the other causes the saw to enter the material. The appli- 
cation of the “parallelogram of forces” thus relieves the wrist of any 
unnecessary exertion. 

Th6 Quftlity of Saws. — The quality of a saw depends upon many parts, 
(a) Temper of Blade . — ^The blade should be thin, and when tested by bend- 
ing it should curve uniformly, returning again to its original form when 
released. Any permanent curvature due to bending indicates a soft, im- 
projHTly tempered plate. Thick blades usually indicate inferiority. 

The blade should l)o hard. Such blades necessitate more care in the 
setting, and take longer to sharpen, but they have the advantage of retain- 
ing their cutting power for a longer period and work more sweetly. 

Well-tempered saws are usually somewhat dark qi colour and the surface 
has a greasy appearance. 

(6) Orindmcf , — The surface of the plate shouM b<" free from hammer 
marks, and the grinding should be uniform; any inei]ualitie8 can be detected 
by holding the blade up to the light at arm’s length whilst examining the 
surface, • 

The blade should be thinner ^t the back edge than it is at the cutting 
edge, thus affording more clearance in the kerf when in action and necessi- 
tating le.ss “sot”. 

When struck, the blade should give a clear, bell-like “ring”, any dull 
sound is a probable indication that the blade has a “flaw” fractuie. A 
further tost for fracture is to hold the saw fifmly in botji hands by the 
hamllo an<l cause the blade to oscillate fjroiK its fixing in the handle — a 
fractured blade will giva out a “crackl'd” poufid. 

(c) Handles . — The handle should be well finished and fit the hand com- 
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fortably. It should in tho hand in the correct position for working, 

in order to test the “biwig” of tho blade.* 

It should be 6rmly fixed to the blade by means of saw rivets, as any 
Jboseness in this respect is likely to cause the blade to “buckle” when in 
use. The rivets should be flush with the surface of the handle. 


DKSCRIPTION AND SPECIAL USE 


(a). The Rip Saw.- 

the direction of the 
“ fibres”. Tho teeth are large 
and shaped as in fig. 14fi. 

The “pitch” of the teeth, 
i.e. tho inclination of the ad- 
vancing edge of each tooth, is 
about 80'’. 

When sawing in the direc- 
tion of the fibres less friction 
is generated, consequently 
these saws need very little 
“ set”. 


The rip saw is specially constructed for cutting in 
grain 
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The cutting action of rip saws varies .st^inewhat from most other saws. 
As already explained, the teeth are formed into edges rather than points 
with the result that A^ien in 
action each tooth acts after the 
fashion of a plane or chisel, re- 
moving a shaving each time it is 
thrust forward. 

(b) Hand Saws.--Hand1sawH 
are specially constructed for cut- 
ting across the grain, but they 
are generally used for cutting 
both with^and acrass the grain. 

Tho details of the teeth are rig. 144 

shown in fig. 1^. 

The teeth are fonned into ‘shaiT points at the apex, an»l the front ^dge 
of each tooth is inclined to the line of advance in such a manner that the 
outer edge has a chisel-like action when in use. 

(0510 It 
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I'lic general character of the work performed by thia saw demands that 
the teeth shall receive more set than is given to most other sawa 

(e) Panel Saws. — Panel saws are used chiefly for cross -grain cutting, 
where clean cuts and absence of splintering on the under side of the material^ 

are desirable. 

They have usually eight teeth 
to the inch, and the “ pitch ” is 
shown in the accompanying figure 
(145). 

The teeth are formed in tlie 
manner describeil for those of the 
hand saw. 

These saws are used for finer 
work and require less set than 
riff. 146 hand saws. 

(d) The Tenon Saw.— The 
tenon saw is uswl chiefly in connection with bench work and for making 
the finer cuts. The name is derived from the fact that one of its chief usea 
is tliat of cutting the shonhlei’s of tenons, the shoulders being the cross- 
grain cuts at the base of the tenon, which have to fit the plane surface of 
the maU'Hal surrounding the moHise. This lanng the case it is clear Uiat 

the surface pro<luced by the saw 
must be flat and as smooth as pos- 
sible, The, saws already described 
have no stiffening rib, and conse- 
quently are free to bend; further, 
their great length and cumbersome 
character unfits them for use in cut- 
ting sntall or delicate shoulders. 
Examination of a tenon saw will at 
once make clear its special advan- 
« ft«.i4e tagos for the character of work in- 

^ dicated. 

The blades are rt'clangular in shajie, varying in length from ^0 to '18 in., 
and from 3 to 4 in. in depth; they are much .•thinner than blades of the 
“hapd-saw" class. Tlie lack of stiffness due' to use of small thin plates is 
comjiensaied for by the introduction of a “ stiffening rib" or “back", which 
is folded*'along the top edge of the plate. These “ribs” are made of brass 






SAWS 


163 


scores 


for the better class of saws, but steel is often used in inferior types. The 
blade of the saw should not reach the top of the curve inside the “fold”, but 
is gripped tightly along the edges. The back should also be slightly arched, 
being higher in the centre 
than at the ends, which 
gives a spring-like action 
to the rib; the pull of 
the ends sets up tension 
along the cutting edge, 
thus tending to keep that 
edge straight. 

The depth of cut which 
can 1)6 made with a tenon 
saw is limited owing to the 
us<i of the stiffening rib. 

The teeth are small, 
varying from 10 to 14 
per inch. 

The advancing edge of <‘ach tooth is inclined at about 65*^ to the line of 
the teeth, as in fig. 146. 

The handle of the tenon saw varies in design from that of the hand-saw 
group. The necessity for this will readily be understood when it is borne 
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in mind that th<f tenon saw •is in most cases used in a horizf)ntal j)Osition, • 
whilst hand saws when in us^ are invariably inclined. • 

There are two types of handles: (a) The closed 'handle, as in fig 147; 
(6) the open handle, as in fig. I47rt. * 
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The former in much stronger than tlie latter, and has usually a higher 
degree of iinish. 

The opt^n handles arc short in the grain, and are apt to split along the 
line A B, AH seen in fig. 147<6. * 

(e) The Dovetail Saw. — This is seldom to be met with in the manual- 
training iwmi, a fine tenon saw being suitable for practically all the work 
executed therein. 

The special features of this type of saw are: (a) Very thin hlade; (/>) very 
fine teeth; (c) little or no set on the teeth. 

Dovetail saws are usually smaller than the tenon s*iw, but in all other 
respects are similar to them. Th<' smallest variety has usually a straight 
handle in line with the back. 

Saws used for Producing Curved Edges.— -Tlu* nature of the work such 
saws are intended to perform ilemands that they shall have narrow blades, 
in firder that tliey may pass freely round a “(pnek’', i.e. .sharp, curve. 

With the narrowing of the blade comes the atteiulant weakness and ten- 
dency to bend an<l buckle wdien in use. This difficulty has been to some extent 
overcome by inserting the blade in a frame, as in the case of the bow saw. 



The Bow Saw. — This is by far the most important saw for cutting fine 
andi sharp curves. * * 

The details are ahc^^n in the accompanying figure 148. The frame con- 
sists of five main parts. A A arc the two arms or “levers” of the frame; B 
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is the beam which keeps the two arms apart. The ends of the l)eain are 
stump-tenoned into the arms A. Each end of the beam a(‘ts as a “ fulcrum " 
about which the aims are free to turn, a.s at X. At C are s«‘veral stiands 
of string forming a locjse loop alxjut the ends of the arms A. ^i’hrougli 
the loop so formed anotlier lever I) is inserted for tightening the string. 
When turned, the lever twists the string into a sort of ropt‘, which at 
every turn becomes contracted in length, thus pulling tlie top eiul of the 
arms A A closer t/Ogether, whilst the lower ends become extended, due to the 
rotation of the ai’ins about X X. 

Througli the lower end of the arms are c^dindors of brass (FF), whieh 
are .Mlotte<l to receive the ends of the saw blade. Holes are also drilled 
through these cylinders at right angles to the slots which receive* the saw 
blade. The saw blades are drilled, the holes corresponding with those in 
the cylinder, thus enabling the saw to be fixed in position by means of two 
steel pins G O. The brass cylinders, after passing through the frame, enter 
the handles, into which they are riveted. Forming part of each cylindei’, 
and situated immediately outside the frame, are enlarged flanges; these 
flanges take the strain due to the tension set up in the saw hy the con- 
traction of the string. 

The saw blade, being fixed in “cylindrical" piece, can be turned to any 
convenient angle to accommodate the work in hand. 

The frame of the saw is usually made of beechwood, the handles being 
of boxwood. The more common varieties have their handles made of lx»ech- 
wood, but it will readily be seen that these are less suitable for holding 
the rivets used in connection with the brass cylindem 

The Compass Saw. — These saws are U8 (h 1 for making curved cuts in 
larger work where it would be 
impossible for the body of the 
work to pass through the open- 
ing in the frame of a bow saw. 

Fig. 149 shows the general 
construction. They are made in 
various sizes. It will bo seen 
that they much resemble the 
hand saw. * The Jblades taper, to a point and are kept as narrow as jiossible 
consistent with the work they# are intended to perfonn. The narrowing of 
the blade is attended with odhsequent weakness, and in order to overcome 
this weakness the blades are made much thicker than those of ordinary saws. 
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at whatever angle the blade may be turned. B is a sjjccially constructed brass 
ferrule attached to the handle by means of small screws, and C contains 
a slot through which the saw blade passes. At D^are set-screws for fixing 
the blade in position. Two are required to keep the blade steady. E is 
the blade. This is constructed on the principle r)f the panel saw, but with 
teeth formed more after the order of the tenon saw. The blades are very 
narrow and thin, and consequently lack strength. 

A hole passes through the handle, as indicated at F; this enables the 
saw to be moved backward an^ forward as desired, according to the work 
in hand. When not in use the blade can be passed into the handle, thus 
protecting it from injury. ^ 

METHODS OF SAWING 

Physical Development accompanying Rawing. —It is very important 
that the correct pose u of the body 'be studied when performing sawing 
operations. 


! 
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The increased thickness of the plate demands increa.sed energy when in use 
— the energy in all cases being proportioned to the amount of kerf and the 
nature of the material to be cut. 

■ The formation and general arrangement of the teeth should be as 
described for the {>anel saw. * 

The Pad Saw. — These saws are very u.seful when small holes have to be 
cut, or for cutting sharp curves where even the blade of the compass saw 
would prove to be too wide to enable it to pass round the curve. 

Fig, 150 shows the general constructioji. 

A is a wtxxleii handle, usually of boxw(x>d — sometimes of rosewood or 
ebony. It is shaped in such a manner that it will comfortably fit the hand 
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Sawing exercises are valuable for physics! development, and it is essen- 
tial that the teacher pay special attention to all the details connected there- 
with. 

Rippingf on thO Trestles. — This operation applies to the sawing of long 
^planks upon the sawing trestles. The plank, having been “lined out", is 
allowed to rest on the trestles with one end projecting about 9 or 12 in. It 
is kept in position by placing the riglit knee upon the plank iininotliately 
behind and in line with the saw, as in fig. 151. The .saw must Ix^ held in a 

plane at right angles to the sui’face 

of the plank and coincident with 
the line to be cut. In order to en- 
sure that the saw is held in a plane 
at right angles to the surface of 
the plank the head should be in a 
{)osition immediately over the saw, 
thus enabling the operator to watch 
the angle on each side of the blade. 

Should the head be inclined to 
right or left the saw is invariably 
pulled to that side towards which 
the head inclines. 

The arm should be in a direct 
line with the saw blade, and all 
strokes should be taken freely from 
the shoulder, giving fulf expansion 
to the chest. 

The cutting edge of the saw 
should be inclined at about 70® to 
the surface of the plank, vbut this of course will depend greatly upon the 
height of the operator. There is a tendency with small boys U) lower the 
saw to a very acute angle. Such a position is uncomfortable for the boys 
and has the lulditional disadvantage of making the “surface of contact" ve«y 
much greater. The greater the angle which the teeth make with the sujjface 
of the pl&nk the less will be the “surface of contact", but .when the angle 
is increased beyond 70“ the^ position again becomes uncomfoi’table. 

Ripping at lha Vice. — When short pieces have to bo rip]>ed it is^more 
convenient to fix the wood ia the vifee, and the panel saw is generally used 
for this purpose. 
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The general ponition of the body is shown in fig. 152. 

The left foot i.s exteniied forward. The right foot falls about 15 in. to 
the rear and is slightly inclined, thus giving stability to the body. 

The wtKj<l is steadieil by means of the left hand. The saw and arm 
should be in line, the body occupying such a ix)8ition that the ellxiw of th©* 
right arm can swing freely as a pendulum without coming in contact with 
the Ixsly. 

The head should be held fairly erect and in such a position that it com- 
mands a view of the angles made by the blade 
of the saw and surface of the woixl. The 
strokes should Ik* long and taken freely from 
the elljow and shoulder. It is not necessary to 
throw the weight of the Ixxly into the action. 
The chest should be freely expanded with eacli 
stroke. 

The Tenon Saw. — A large amount of work 
is performeil by this saw, and the method of 
using it needs to be carefully taught. Con- 
siderable time should lx* spent on this when 
executing the first exercise, and the w'ork should 
b© taken by stages, as: 

(а) Fijchig the Worh — The bench hook is 
fii’st fixed in the vice, or hooked to the side 
of the bench, and the work placed in position 
against the stop. 

(б) PoHitiini of the Left Hand. — The work 
is steadied by means of the left band. It shouhi occupy a position as in 
tig. 153, in which it will be st^en that the work is pressed against the stop 
by means of the palm of the hand whilst the thumb is extended to the far 
end of the line to be sawn, thus serving to guide the tip of the saw when 
starting the strokc.s. 

, (c) The R 'ujht Hand. — The saw is held in the right hand. Three fingers 
are , passed thmugh the opening, whilst the first is extended along the handle, 
pointing towards the tip of the saw; th'is servos to steady and guidS the saw 
, The arm should be in a direct line with the saw. , ^ * 

(d) The Feet and Body . — The • left foot is extended forward at right 
angles to the bench, whilst the right fo6t dropc^to the rear and is inclined to 
the bench- The body should not occupy a crouched or cramped position; 
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it should be kept clear of the right elbow in order that the upper part of 
the arm may pass freely backward and forward, keeping in the direct line 
o’f the saw. 

(e) 21ie Head . — The head should bo kept erect in such a jx>sition that it 
* can easily be seen whether the saw is perpendicular to the surface of the work 
or not. 



Fig 1A3 


The Stroke. — When starting the cut, the tip of the saw should be used, 
the teeth being inclined to the surface as in fig. 153. As the saw is advanced 
the handle is gradually lowered, care being taken to follow the line U) Ixj 
sawn. When all the surface fibres have l:>een cut, the saw should be main- 
tained in a horizontal position. Having severed the surface fibres a groove 
is formed which serves to guide the saw in the “cross" direction; mctf’e 
attention should then l>e given to keeping the saw upright. 

The Strokes should l)e long, thus employing all the t<^^th. Very little 
force is requir^; tlie weigjit of the saw, together with the force acting ov 
the inclined handle, being sufficient. All movements should lx* performed 
with ease. Should the bodj» occupy* a cramped posiHon, or the effort to saw 
be too laboured, bad sawing will inevitably result 
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The Work Stagro<t — The importance of iliis class of sawin^r cannot be 
too strongly einphasiKed. In dealing with new classes it will be found 
wise to take the different steps simultaneously throughout the whole class. 
Having given the necessary demonstration and carefully pointed out all the 
points neefling attention, instruct the class to carry out the work in the * 
following stages: — 

1. Fix bench hook and wood in position. 

2. Stand in position. Recapitulate each step as previously demonstrated. 

8. Take up saw and stand ready for cutting. The teacher should now 

examine the )K>sition of each scholar, correcting the many little erroi-s which 
he is s\ire to Hud. 

4. Commence sawing; go slowly; do not force the saw; heads erect; 
watch gauge marks. 

'fhese stages should be repeated as each cut is made. This will do much 
to ensure (correct method fn)in the outset; later, greater freedom can be given 
tt> the scholars, always assuming the operations to be correctly performed. 

Oblique Sawing*. — This ne^s no special description. The body should 
l)e ranged in line with the cut to be made. More care is necessary when 
starting the saw, owing to its tendency to slide along the fibres. 

Sawlngr with the Grain. — The tenon saw is often used for cutting the 
sides of small tenons. 

■ The tip of the saw should be placed on 

the farther edge of the wood at starting (fig. 
154), the cutting edge being lowered gradu- 
ally until a cut has been nia<le entirely across 
the piece. When this is done the tip of the 
saw is allow'ed to go no cleeper, but the handle 
is gradually lowered at each successive stroke 
until the teeth are* in the line of a diagonal 
of the face of the tenon to be cut. Tlie 
material is then turned and cut from the 
other side, it is not necessary when making 
the second portion of the cut to adopt the 
diagonal method. The kerf made on the first 
rig. iM edge forms sufficient guide for the saw' on the 

unseen edge, the operator merely allowing 
the saw: to w'ork freely in the kerf and follow^kig carefully the line on the 
seen edge.. 
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Tlie Bow Saw.— When in use the large handle is held in the right hand 
whilst the two first fingers are hooked round the inner portion of the frame, 
as shown in fig. 155. The thrust is given by means of the right liand, the 
saw being drawn back 
by means of the left 
Care should be taken 
to see that the blade is 
kept perpendicular to 
the surface of the work. 

When making sharp 
turns it is essential tliat 
the reciprocating motion 
of the saw be continued 
during the tui*ning pro- 
cess; neglect of this pre- 
caution leads to broken 
saw blades. 

The Compass Saw. 

— The use of this saw 
needs no special descrip- 
tion. Both hands are 
generally applied to the 

saw. Fig. 165 


% 


The blades being 

wide, much friction is generated during the passage of the saw i*ound sharp 
curves, causing the saw to become very hot. It is therefore advisable to oil 
or grease it frequently. 

Sotting and Sharpening. — Saws need to be kept in good condition if 
satisfactory work is to be done, and a brief account of the method of doing 
so will not be out of place. 

(a) Alignment of TeM . — When a saw requires sharpening the first point 
needing attention is the alignment of the teeth. In the larger type the line 
of teeth should form a slightly convex curve from handle to tip. In ^rder 
to bring the top of the teeth into Tine they are run off by means of a flat 
smooth fife. TJie file shoujd be held by its edges between the thumb and 
finger of the right hand, and, starting from the handle of the saw, t]ie file 
should be run along the to^ of the? teeth once or .twice to ensure all teeth 
being in line. This should not be overdone, as it must be remeiubered that 
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ihti teeth have again to be filed up to sliarp points and any n^dless rubbing 
down iricreaHes the labour involved to say nothing of wasting the saw plate. 

(b) Setting. — The teeth should next be set. Professional saw settei-s 
accomplish this by means of specially constructed hammers and anvils, each 
tooth receiving one blow sufficient to produce the re(j[uired amount of ° 
Ijending. All blows must Ije uniform, an operation recjuiring great skill. 

It is the custom now to use one of the many specially constructed 
appliances for this purpose. The principle of construction involved is a 
combined punch an<i anvil, with .screw' attachments to regulate each in 
keeping with the si/e of the teeth to btj .set. 

Whatever inetluxl be adopted it is essential to Ijear in mind that the 
Ijending must Ije in the Uxjth itself, and principally at the top. Any 
attempt t<J Ijend the tooth Ijelow its base causes the teeth t<j fracture and 
distorts the plate. There is greater danger in this respect when using the 
(Mitent saw .sets than if the hammer and anvil method be adopted. The set 
mu.st be uniform on both sides, otherwise the .saw, when in use, wdll tend 
to curve tow'ards that aide on which the teeth havt* most set. 

Amount of Set. — This dejjends entirely upon the w'ork which tlie .saw* 
has to perform. 

Haws for cutting dry seasoned wood require less .set than those used for 
cutting wet or unseasoned wo<xl; for cutting hard wootl, less than those 
used for soft woo<ls; for cutting in the direction of the fibre, less than for 
cutting acro.sH the fibre. 

The main object is to afford just sufficient clearance in the saw' “ kerf ’* to 
enable the saw to work easily, and any undue amount of set involves wa.ste 
of material, increases the laboiir involved, and makes it more difficult to keep 
the saw running true. 

Filing the Teeth. — The sha|)e of the teeth was dealt with when speaking 
of the cimstructiou (see p. 157). <* 

'Phe .shajX5 will of coui*se depend u|)on the particular angle at which the 
tile is hehi. In all cast's the handle of the file is lowered and turned in the 
dii;^‘ction of the tip of the .saw. 

Halving determined the requirtni aiigle at which to*^hold the file, care must 
be taken to maintain this angle for all the teeth. ^ 

The tiling takes place from both sides of the J»lade, in onjer to form the 
cutting edges to the front of each tooth. Every alternate “gullet” on one 
side is first filed; the saw is then turned and the intervening “gullets” 
similarly dealt with. 
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Rip*saw Teeth. — For these the file should bo held almost at ri^jht aujrlca 
to the blade, thus forming more of a chisel edge than of a point at the top 
edge of the tooth. 

Fixingf the Saw.— The blade of the saw should be rigidly fixed in a vice, 
and the teeth should be in line with the elbow when the elbow is raisecl for 
filing. The position should Ix) such that a g(xxl light falls upon the U'oth 
in order that the operator may see when each tooth is sharp. This is 
indicated by the fact that light is no longer reflected from the top surface 
of the tooth which waus flattened by the “rubbing down" process. 

The cutting action of the file must l)e uniform on l)oth edges of tlie 
teeth forming the particular gullet l)eing filed, otherwise the size of the 
teeth will vary. 

The file strokes should Ixi uniform throughout, the hnisliing strokes 
l)eing light in order to avoid formation of “burr” on the outside of the 
teeth and any undue bending of the point. 

Filing umst cease immediately the tooth has Ix'en brought to the p(»inl. 
Should tile filing Ix^ continued after the point is forme<l, the “true line" of 
points will be destroyed and the work of cutting will not be evenly 
distributed. 


CHAPTER IV 

* Planes and Planing 

Planes are instruments used for removing the surface of wood and re- 
ducing it to any desired shape or form. 

They may lx; classified* in three groups: 

(a) Those used for producing plane surfaces. 

(h) Thos^ used for pnKlucing concave or convex surfaces. 

(c) Those used for producing mouldings. 

• * ^ 

Gfener^l Description. — Planes consist of two main paints. In all cases 

there is a cuttkig iron, and* this is supported by means of a bfsly, known a'A 
the “stock".. The stock, in additioi^ to acting as a support for the fitting 
iron, enables the action of tlte cutter to be controlloti, and the under surface 
serves, in some cases, as a pattern of the surface it is desired to produce. 
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Reasons for Planlngr* — Wher» the wood leaves the saw, the surfaces are 
in a rough state, showing the marks of the saw. The surfaces are often 
twisted, especially if the timber has been cut a considerable time, and the 
dimensions and shape of the wood may not be such as are desired. 

When pieces of wood have to bo carefully fitted together it is necessary 
that each piece be made true in order that the various joints can bo accurately 
marked for cutting. 

The reasons for planing which commonly apply to manual training may 
1)6 summarized as follows: — 

1 . To protliico plane surfaces. 

2. To obtain the re<juired angle l)etwccn adjacent surfaces. 

Ik To reduce the woo<i to the required dimensions and shape, if the work 
1)6 not plajie surfaced. 

4. To pro<luce smooth surfaces. 

It is impcu’tant that in any such scheme the pnxlnction of smooth surfaces 
he placed last, because it is so easy to prcKluce “smooth surftict^s” and yet 
ignore all the more inn)ortant details of dimensions and angles. 

The success of a piece of work is largely dep<mdent ujK)n the (juality 
of the planing, and when a scholar has been taught to plane accurately 
there neexl be little fear concerning the (|uality of his Htiished work. 
Teachers are well advised to piiy jmrticular attention to this jx)int. 

Planes used for Producing: Plane Surfaces. —I'o this class many planes 
belong, but for manuabtraining purposes the following will suffice: (a) The 
jack piano; (/)) the trying plane; (c) the smfH)thing plane; (d) the rebate 
plane; (e) the routers. 

The Jack Plane. — .lack planes are ustnl for removing the rough surface 
of the wofsl and making it approximately true. They are also used for 
reducing lh«* diinen.sions where much material has to be removed. 

(>)N.STRl7<rri<)N, — 'Phe construction of the jack plane In'ing typiail of most 
planes, it is hero dealt with somewhat fully, thus avoiding the necessity for 
treating all such pianos in detail. 

' Jack pianos ai*o usually made of wood, beech being most suitable for the 
purp’)se, although many of them arc now manufactured entirely of iron. 

Beech is us<'d in their manufacture for the following reasons; (a) It is 
a hard, close-grained, compact wood; {b) it is uniform in textile; (c) it retains 
its shape well when it is thoroughly seisoned; (</) it is sufficiently dense to 
give the required weight; (>) the surface w'ears well and uniformly; (/) the 
w’ood is plentiful, hence it is reasonably cheap. 
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A. The Stock . — Usually about 16 in. loii^ by 2J to 3i.in. square, according 
the width of the iron. 

The stock is subdivided into many minor parts: (a) The tip or iiose: The 
^ front end of the plane, (b) The heel: The back end of the plane, (r) The 
face or sole: The under surface, (d) The mmth: I'he optming in the face 
through which the shavings enters (e) The e.scajH'vi^^nf: The opening in the 
top surface through which the shavings escape, (f) The M: The inclined 
surface upon which the cutting iron rests. (</) A hIoI in the bed: To receive 
the head of the screw which is used for fixing the two portions of fhe 
cutting iron together. 


The stock also has let into 
it: — 

B. The Hamlle or Toat . — 
This is made of beech and let 
into the stock for about } in. 

The grain of the wood is 
very short, and any carelessness 
in handling the plane will often 
cause it t(j break across, the two 
chief causes of fracture being: 
(a) Dropping the plane; {b) 
holding the plane by the handle 
whilst delivering the blows to 
liberate the iron. This iaa com- 



mon fault with boys, and should rig. iw 

be carefully guanled against. 

The correct nieth(Kl of performing this o|X'ration will lx* explained later. 


C. A Button . — A raised piece of very hard w(mk 1 (usually boxwoocj) 
which receives the blow*s from the nmlh^t which are delivered when 


separating the iron from the stock. The button Ixdng raiscsl, and e^uisisting 
of hard wood, prevents damage btdng done to the plane by the repeated 
blows from the hammer or mallet. It can easily Iks renewed when worn, 


and is lej into the stock for a distance of about } in. * 

D.* The ^tvedfje is made of beech. It serves to Hx the cutting iron in 
position, and fits into carefully prepansl grooves in the sides of the* 


escapement. The fitting of the wTdge is important. • 

The following faults will arise from misfitting ^"edges: (a) The cutting 
iron "chatters”, i.e. vibrates and produces uneven cutting; (b) the* shavings • 
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force their way between the wedge and iron and cause the plane to “ Choke 
up", i,e. the mouth becomes stopped witli shavings which cannot pass 
through; which necessitates taking the plane to pieces and “re-setting" it. 
The difficulty constantly recurs until the cause has been removed. The^ 
wedge is forked, as in sketch, to give clearance in the centre for the 
shavings. A notch has also to be made in the back to enable it to pass 
over the “back nut" on the cap iron, thus allowing the wedge to bed firmly 
on to the iron, the pressure being in this manner uniformly distributed. 

The Irons. — The accompanying sketch (fig. 157) 
shows the details of construction. 

The (Jutting Iron . — This cormists of (a) a blade of 
iron with (5) a steel face welded on its upper surface, 
the steel face being continued as far as the slot, as 
indicated by shading in fig. 157. 

(<*) The width of the cutting-iron determines the 
size of the plane, the usual size Ixnng 2J in.; for manual 
training 2 -in. jack planes are as heavy as can be 
managed by lx)ys. 

{d) A slot having an enlargement at one end through 
which the head of the screw passes which is used for 
fixing the “cap or l)ack iion” to the cutting-iron. The 
various bevels applying to the cutting-iron are shown 
at the side in fig. 157. 

(e) The Grinding Bevel . — When the irons are giound 
the surface made by th<i grindstotie .sliould make ap- 
proximately an angle of 25'’ with the face of the iron. 
(/) The Sharpening Bevel. — When sharpening the irons on the oilstone 
the face of the iron should make approximaU*ly an angle of 35" with the 
surface of tin* stone. 

(g) Angle of Chuixince . — When in position in tht‘ stock the iron is 
“pitclRvl" at an angle of 45", i.e. the angle which the “Ix'd” makes with 
the “face" or “sole" of the plane. 

I't will thus be seen that there is a difference of 10", which enables the 
sharp cutting edge bi freely enter the wotxl. If no clearance be given the 
sharpened surface slides over the wood, but nw cutting takes place. This 
error* is sometimes due to faulty shai’poning, which often w*th 

beginners, who, in theii eagerness to “ sharpen the iron quickly" elevate it 
to too great an angle. 



Hg. 157 
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Taper of Ikoi^s. — I t >yill be seen that the cutting iron is much thinner 
at the top than at the cutting end. When the plane is purchased the open- 
ing at the mouth is very fine — narrow, but as the iron is ground from 
^time to time, this opening becomes larger, so large, in fact, that it is often 
necessary to lot a piece of wood into the face of the plane in order to i*educo 
the width of the opening, as in fig. 158. These pieces are about i in. thick, 
and must be very carefully fitted. This opera- 
tion is known as “remouthing”. 

Parallel Irons or Gauged Irons.— I n order 
to avoid tlie necessity for “remouthing”, plane 
lions aio now manufactured which are uniform 
in thickness throughout Repeated grinding docs 
not, therefore, affect the opening at the mouth. 

'fhese irons are slightly more costly, but prove 
more economical in the end. The mouth being 
kept fine enables more accurate work to be exe- 
cuted. 

The Cap or Back Iron. — ( a) These are made of stool and are curved as 
shown in fig. 15f). The object of the curve is to enable the front edge b 
to fit exactly and tightly to the surface of the cutting iron Any misfitting 
along this edge allows the shavings to pass between the two irons, thus 
causing the plane to “choke up”. Once the edge “beds”, i.e. fits properly, 
it should on no account be interffued with. 

e a brass liack nut^ riveted into the iron to 
receive the screw. 

(I is a setscrew having a large “ pan-shaped ” 
head, the under side of which is fiat in order that 
it shall fit the surface of the cutting iron. 

It will now be seen that when the cap iron is 
in position on the cutting iron the edges b and e ki« igw 

are in contact with it, and the screw on being 

tightened causes these edges to fit more clo.sely and so firmly as to provept 
any movement between them when in use. ^ 

U}fe of ike Cap Iron . — The cap iron serves to regulate Uk; action of the 
cutting iron. AwHuming thij wood to be slightly croas grained and apt to. 
“tear up”, if the edge of the cap iron be st^t close up to the cutting edge 
the effect is lo hold the sha^^ing down whilst the under surface is exposed 
to the action of the cutting edge, thus cutting beneath the risiiw shaving 

(C516) ,3 
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before it haa had an opportunity of splitting below the line of action qi the 
cutting iron (fig. 160). 

When the wood is “ straight grained ” the cap iron is of little in 

this respect and can be kept farther from the cut- 
ting edge, about A to J in. * 

The cap iron has the further advantage of 
stiffening the thin cutting edge, thus preventing 
“chattering*', which, if it occure, causes the sur- 
face of the work to assume a “ ridgy ” or “ wavy ” 
appearance. 

Condition of Cuttino Edge. — It is necessary 
that the cutting edge should be kept sharp, what- 
ever be the kind of plane used. Blunt edges entail more labour and produce 
unsatisfactory work, and it is no “saving of time" to work with a blunt 
[>lane rather than spend time in sharpening the iron. 

Shape of Edge. — Considering that the jack plane is used 
for the rougher portions of the work it is advisable that the 
cutting edge should be curved as in fig. 161. It will be seen 
that when in use such an edge will form a series of hollows 
and ridges running in the direction of the length of the 
material. These ridges are afterwards removed by the “ trying 
plane”, the cutting iron of which has a straight edge, except 
for a very slight amount of roimding at the ends which pre- 
vents the cornei-s from “digging” into the wood apd leaving sharp ridges. 

The Trying Plane. — This plane is much larger than the jack plane, 
being about 22 in. in length and about 3i to 3^ in. in section. 

It is now manufactured in three different forms, as: (a) 
All wood (beechwood); (h) All iron, except handles; (c) Com- 
binations of wood and iron. 

Construction. — Tim construction varies very little from 
that of the jack plane. 

Owing to the gi-eater weight of the instrument it is 
necessary to pi'ovide for greater strength in the handle. 
This is secured by closing the handles, as shown in fig. 162, 
- the front portion acting as a strut or stay. 

The “ face or “ sole ” must bo kept very true, and the mouth should be 
kept very fine — “ narrow Parallel or gaUgeu irons are of groat assistance 

in this direction. 
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As already ex|dained, the cutting edge must be very straight 

OF Trvino Planes. — They aro used for “finishing” the surface of 
material after it has been made approximately true by the use of the jack 
4 >lane. 

Shooting. — “ Making straight” the edges of boards which have to be 
“jointed” together. 

The shortness of the jack plane and “ roundness” of cutting edge leaves 
many slight inequalities of surface, which arc readily discovered by the 
trying plane with its greater face area and straight cutting edge. 

The plane should be “sot” very fine, the thickness of the shaving being 
about part of an inch, the 
width being little short of the full 
the 

The Smoothing Plane.— This 
a small plane for 
the 

has been desired 

shape 

The 

much the 

The plane being very short, no 
handle is provided, but the body is 
made narrower at front* and back 

and all corners rounded otF in onler that it may be clasped in the hands, 
as shown in fig. 163. 

Advantage of the Smoothing Plane. — When planes are in use the 
pressure exerted by the ^rator is of necessity distributed over an area 
equal to that of the face of the plane. When “cleaning oflT” or smoothing 
a piece of work it is often found that certain parts are more “cross grained” 
than others, these parts being more liable to tear up. The smoothing plane, 
being small, enables tho*full amount of pressure to be concentrated on sudi 
parts, th^ cap iron being set much ck>ser to the cutting edge, and the jflanc 
itself *being set finer enables such difllculties to be overcome. 

Another advantage will be found in the ease with which this plane can ' 
be manipuls^d. I -* 

Rebate Planet. — These are narrow planes (fig. *164) so arranged that 
the catting iron extends across the full width of the stock, thiu( enabling .• 
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a shaving to be taken oft* which is the full width of the stock. They are 
used for forming “ rebates”, i.o. rectangular recesses along the edge of. a 
piece of wood. 

CoNSTRUOTioN. — The construction varies from the forcgofhg. • 

The mouth extends across the full width of the sole so that the escape- 
ment must bo formed in a ditferent manner to that previously described. 

The cutting iron is made parallel for a distance of about 2 in., then it is 
recessed on both sides and continued by a central shank, as in fig. 165. The 
central shank passes through a mortise in the stock which is sufficiently 
large and so shaped as to receive a wedge for fixing the iron in position. 



ng. 104 . KIg. 


The escapement has therefore to be formed on the side of the stock. Jt 
takes the form of a splayed circular opening liaving the larger side towards 
the operator and on the “off side” of the rebate when the plane is in use. 

No cap iron is used with this plane. In order to compensate for this 
deficiency and enable the plane to produce smooth surfaces the irons are 
placed on the “skew”. This also has the further advantage of casting the 
Shavings towards the escapement. 

*In the commoner variety of planes the irons are placed "square”, but these 
seldom work sivectly and are always liable to "choke up”. , 

Eouter Planes. — Tliese planes are used fol planing the bottom surface 
of fC groove, or any surrounded sinking into which it woul4 be impossible 
to get any other form'' of plane. They also serve to regulate the depth of 
such sinkings. The best fonn‘ is constructed of iron with screw attachments 
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to enable the depth of the cutter to regulated. Routers are often ini- 
pipvised in wood by mortising through a block of hard wood and inserting 
the blade of a chisel, or a plough iron (fig. 166). Wooden routers, by reason 

of the high pitch at which the iron must 
b<^ in.serted, do not act so well as iwii ones, 
which by reason of the special formation of 




Fig. im 


Fig. 160a 


Fig. 107 


the cutter, can have the pitch so reduo^ aa to produce the best effect when 
cutting (fig. 166a). 

Planes used for Producing* Concave or Convex Surfaces. — 8pokk- 
SH A VEs,— These are 
instruments used 
for planing curved 
surfaces and edges. 

Two forms are 
in general use: (a) 

The wooden spoke- 
shave; (6) The iron 
spokeshave. 

Wooden Spoke- 

SHAVKS — 0)N- 

STRUCTION.-Spoke- 
shaves consist of 
a numbei^of parts 
much as in the case 
of the jack plane, - 

but special mpdifi- f ^ 

cations have to be made in *view of the nature oP the work which they 
have to perform (fig. 167). " • 
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A. The St(M'k , — In the best spokeshaves the stock is made of boxwood, 

whilst beechwood is used for the inferior kinds. • 

The under surface, corresponding to the sole of a plane, is somewhat 
rounded in order to enable the instrument to pass freely round “quick” — » 
small radii — hollow curves. 

The stock is sometimes faced with brass to preserve the surface. 

B. The ha7idlea are arranged in continuation of the stock and shaped 
out to an elliptical section to afford a firmer grip. 

C. The Blade or Cutting Iron . — This is made of cast steel, the ends being 
turned up at right angles to tha cutter to form “ tangs”, by means of which 
the iron is held in position in the stock. 

The inner face of the iron is hollow ground. 

When sharpened, a narrow stone “oilstone slip” is used, and this rests 
across the hollow, touching both front and back edges. 

T). The Tanga , — ^These are pyramidal in shape, and pass through the 
stock. They are held in position by friction alone. Tlie position of the 
iron is regulatofl by tapping the tangs backward or forward, as desired, 
with a hammer. There is great danger of fracturing the ii*on whilst doing 
this unless great care be exercised. 

E. Tlie mouth is the opening in the face or sole by means of which the 
shavings enter. 

The amount of cut is regulated by means of the tangs, which, if driven 
forward, increase the opening at the mouth and the thickness of the shavings. 

F. The Eaoapement , — This is an opening for the escape of the shavings. 

Iron Spokeshaves. — Iron spokeshaves are now largely used. The con- 
struction of the stock is much the same as for those of wood. 

The main difference is in the arrangement of the cutting iron, which is 
made on the principle of an ordinary plane iron,^and is held in position by 
means of a screw. The cutting action of the iron is adjusted by means of 
the front portion of the stock, which, in the better kinds, is arranged on 
pivots and actuated by means of springs, the adjustment being regulated by 
ideans of a thumbscrew, as in hg. 168. » 

Other forms are made having double irons, i.e. a cap iron. 

Iron spokeshaves have usually a much flatter face or sole than wooden 
spokeshaves, hence they are not so suitable as the Iktter for shaj^ concave curvea 

They are very liable to be fractured Hf allowed to fall. 

Size of SpoxESHAvks. — This is determined by the length of the cutting 
edges, the most convenient si*e being 2 or 2^ in. 
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Planincr Processes. — The reasons for planing and the importance of 
correct planing have already been stated. The various operations will now 
be described. « 

• Surface Planing. — The material when it leaves the saw is rough and 
often slightly twisted, in addition to being too large. These errors are 
connected by planing, and the first operation consists of preparing a “ face 
side”. For this purpose the piece of tind)er is carefully examined and the 

Fig. 170 
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best surface ^selected. It is then tested for flatness”. This can be done 
in either of the following ways: — 

(a) Small Pieces.— The piece of wood is held in the left hand, andT by 
means of ^ straightedge the surface is tested for straightness in all 
directions, le. dikgonally and across the piece. ^ 

Should the surface be flaj the straightedge will fit in any positiorf any 
error, such as a twisted surface, “warped”, or ctfrvature being at once 
apparent, because the straightedge does not fit the surface, (See *fig. 169). < 
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(b) Lftnjf Pieces . — Unlens a long straightedge be used it is clear that the 
foregoing niethocl cannot conveniently be applied. Even should this be 
poasible, slight errors in flatness would be diflicult to detect. In such cases 
the following method is a<loptod. « 

Two pieces of hard w'ood, usually alx)ut 16 in. by 2 in. by J in., and 
having tlieir edges perfectly parallel, are preparc<l, technically known as 
“winding l)attens or strips”. The piece of wood is laid flat on the bench 
and the winding strips are placed acims the surface, one at each end of the 
plank to be examined. The operator then takes up such a position that the 
eye is in line with the edges of the battens, and any error can at once be 
detected. If the plank is flat, i.e. a plane surface, the battens can be moved 
into various positions along the plank, but on looking across their edges 
they will appear always in the same straight line or parallel (fig. 170). 

Sometimes two jack planes are laid on their sides across the material 
in the manner described; these are cumbersome, and serve but as a i*ough test. 

Having made a careful survey of the surface, the planing may now be 
started. 

Holding the Jack Plane.— The handle or tool of the plane is gripped 



Fig. fix 


firmly in the right hand, the first finger being extended to the wedge. 
The ieft hand is placed over the fronts: end of the plane (nos^), the thumb 
being on the near side of the plane and the fingers on the ofT side, as shown 
in fig. I7i. 
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The fore end only of the plane Hhould rent on the material at starting, 
and pressure should be exerted by the left hand, and as the plane advances 
the pressure with the left hand is slightly reduced and that of the right 
• hand increased. 

Position of the Body. — The operator should occupy a position well 
behind the plane, in order that the action may be that of direct pusliing 
along the line of resistance. Beginners often stand to the side of the plane, 
and consecjuently much of the energy exerted is lost. The feet should be 
slightly apart, the left foot l>eing advanced and nearly parallel with the 
side of the bench, whilst the right foot is practically at right angles to the 
bench (fig. 172). 

When taking the stroke, there 
should be free movement of the 
knees, elbows, and shoulders, the 
motion being similar to that of 
lunging. 

Removing the High Parts. — 

Unless the surface is already flat 
the plane should not Ixj allowed to 
take continuous strokes throughout 
the length of the piece, but its action must bo confined to first removing the 
high parts, be they corners, ends, or middle of the plank. When these errors 
have been approximately corrected the strokes may then be taken with 
greater freedom, and should pass freely from end to end of the piece, the 
surface being frequently tested by means of the straightedge or winding 
strips. 

Use of Trying Plane. — For manual- training purposes, and small work 
generally, the jack plane js usually sufficient for finishing the surface, but 
for large work it is necessary to introduce the “ trying plane”. The surface 
of the plank is treated in the manner already described, and when all 
roughness h|w been removed, and the surface made approximately true, the 
jack plane then gives place to the trying plane, which, not having to execute 
any rough work, can be kept in much better condition. The moufli is 
much* fine# (narrower opening), and the cutting edge of the iron should 
be practically straight, for \he reason already described. Trying planes, as 
we have seen, are consideri^ly longer than jack ^tlanes, and thus Insure 
greater accuracy in the straightness of the surface. 

The method of holding Is similar to that described for the jack plana * 
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Little or no pressure on the plane is requtif^, the increased weight being 
all that is necessary. The plane is merely guided over the surface, and of 
itself finds any high portions and first removes these. When the surface 
is true, the plane should with ease remove a fine shaving from end to end • 
of the plank. 

Marking the Face Side. — When a surface has been made true it is 
marked with a mark known as the face mark ”, the surface being known 
as the “ face side” (fig. 173). Except under special conditions the mark should 
always point to the best edge of the material. This is at times varied when 

an edge has to be considered, the mark 
being then airanged in such a manned 
that when working the moulding the 
plane operates in the "direction of the 
grain”. 

Planing a Face Edge. — Having 
completed the face side, the next opem- 
tion is to plane the best edge, i.e. that 
edge to which the face mark points. If 
the piece of wood is thick, and will rest 
firmly upon its edge on the bench, it 
may be placed in a position similar to 
that for surface planing, and the opera- 
Winding stripe are not required for the 
tnlge, but the surface must be made straight and at fight angles to the face 
side, the surface being frequently tested by means of the straightedge and 
try square. The try square should be always used with its stcxik against the 
" face side”, a precaution which beginners frequently overlook. 

Thin Material. — When the material is too thin to rest on the bench 
as described it must then be fixed in the vice, which necessitates a modifica- 
tion in the method of holding the plane with the left hand. The plane 
needs to be carefully guided along the narrow edge. This is accomplished 
by placing the thumb on the nose of the plane (oir the button), the hand 
and fingers being extended down the n^ar side in order that the fljger tips 
may touch the surface of the work and so guide the plane and maintain 
its balance (see fig. 174). 

Before commencing to plane the sukTace, it should be tested by the aid 
of straightedge and try* square, for inaccuracies, and these parts should first 
receive attention. Should the matmal be hollow the ends must first be 


the working of a moulding along 



Fig. m 

tion of planing proceeded with. 
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planed, care being taken to renidve a uniform amount from each end except 
iii the case of material which may happen to be slightly narrow at one end, 
in which case the hulk of the material would be removed from the wide end. 
• Should the surface be convex in the length, the planing should then be com- 
menced at the highest part of the curve and successive shavings removed, 
each being longer than the former, until the surface has been made straight. 

When inaccuracies occur in the squareness ot the edge, the plane must 
be balanced in such a manner that the sole is at right angles to the face. 



of the fingers which are on the face of tlie material. A series of shavings 
is then removed until the^angle is true, each successive shaving being wider 
than the former and thicker on that edge which was removed from the high 
part of the material; this is shown in diagrammatic form in fig. 176. 

This is a delicate operation, requiring skilful wrist manipulation, and for 
this reason forms a valuable manual exercise. * 

Redu«ikq to Width. — The next operation consists of gauging the ma^rial 
to width, which process is explained in Chapter II, *' Gauges and Gauging ”. 
The material outside the gaifge mark is then removed in the manner described' 
for “edge placing ”, The use of a st^ightodge is not necessary by reason of 
the gauge mark being parallef to a straight edge. Th^ try square should, how- 
ever, be frequently used to test the angle between the face side and back edge. * 
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Redl'cinu to Thickness. — Both of the material are gauj^ed to the 

re(juired thickness and the nmterial outside the marks removed after th? 
maimer de.scril>e<l for surface planing. 

Common Errors of Bogpinners. — l. Beginnei*8 have a tepdency to stand • 
will I their feet together at the side of the work rather than belli nd it, as 

described. 

2. There is a tendency to apply 
pressure with the right hand at 
starting and to apply pressure with 
the left hand when finishing the 
stroke, with consequent rounding’ 
fik 176 of surface and thinning of ends 

(Hg. 176). 

3. When squaring the edge, the try mjuaro is used indifferently from 
either face of the material instead of “always from the face side”. Further, 
the stock of the square is often not held hrmly to the face side and per- 
pendicular to the edge, as it should be. 

4. Scholars often gauge their material from the back of the work, i.e. 
from the untrued surface*, insteael of always from the face side or face 
tnlge. 

5. There is a great tendency to go below the various gauge marks. This 

arises from the fivet that scholars, anxious to produce a flat surface or a 
true right angle, forget, until too late, that there is a gauge mark to be 
worked to. ♦ 

These eiTors are remedied by careful demonstration and patient teaching. 
Remember that planing is a difficult operation demanding careful thought 
and action, and whilst perfection is desirable it can only be reached by 
careful and prolonged training. 

Encourage the weak boys and be always afert to detect and correct 
errors of manipulation. All work should be carried out by easy stages at 
the beginning. 

' The Shootin^T Board and its Use. — Owing to the difficulty of keeping 
the '{ilane steady when planing the edges or ends of very thin material — i.e, 
shooting the edges of ends — a shooting board is often used. Tke shooting 
board consists of three parts, 

A!' The surface upon which the work' I'ests. ^ , 

B. Tlie "stop”, whiiih consists of a piece of ha^d wood dovetailed into 
piece A, and having the front edge at righj; angles to the long edge. 
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C. A bed on which the plane rests on its side with the cutting edge 
vertical (fig. 177). It will be seen that the surface A and the face of the 



Fig. 177 


plane are mutually perpen<licular, hence the squareness of the edge of the 
material is ensured. 

Construction ok Shooting I^iard.— The size varies according to the 
work to be executed. Ser- 
viceable dimensions for 
manual -training purposes 
are as follows: length 2 ft. 

(jin. Top bed for material 
(A) out of 4J in. by U*in. 

Bed for plane (C) out of 8 
in. by 1 in. Rails out of 
3 in. by 1 in. 

When making shootinf^ 
boards it is essential that 
all material shall be planed 
true. The bearers are re- 
cessed, as shown in figure, 
and tjie \iirious parts firmly 
screwed together. A small 
opening about ^ in. wide 
separates the. "plane bed” from tlnf edge of the "material bed”, to •allow 
any shaving to pass through. The " stop ” B is ifiade of hard wood and 
keyed into the top bod, the inner edge making a right angle witR the edge 
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of tho “material bed”. Tliese details will readily be understood by reference 
to Hg. 177. 

Method of Using the SHixyriNG Board. — The work is held in position 

with the left hand whilst the pl^no » 
is manipulated by the right as 
shown in fig. 178. 

There is a tendency among be- 
ginners to pull the plane over 
towards them instead of holding 
it firmly down upon the bed. 

Care must be taken when shoot* 
ing end grain to avoid splitting the 
work, which can be prevented by 
first chiselling the corner as indi-^ 
cated in fig. 179. The arrow indi- 
cates the direction for planing. 
Chamfering’. — In directiwi of the (/rain , — This is usually performed 
with the jack plane, or with tho smoothing plane if the chamfer be small. 

The plane is held in the manner indicated for edge planing, care being 
taken to ensure that the face of the plane is parallel to an imaginary plane 

passing through the gauge 
marks. 

Using the Smoothing 
Plane. — The smoothing plane 
has many uses, chief of which 
is that of finally cleaning off a 
piece of work. Surfaces which 
are inaccessible after the work 
is together are first cleaned off 
before the parts are put to- 
gether. The exposed surfaces 
are dleaned off after the work 
is framed and fixed. ^ 

(a) Plain Surfaces , — The 
treatment of large plain surfaces needs no special comment. ITie plane is held 
in thb manner indicateii in fig. 168. Needless to say, the plane should bo 
kept exceedingly .slwirp; the cutting edge should \)e practically straight but for 
r vpry slight rounding at tho extreme corners, and the settinir should fine. 
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(6) Crowing Grain . — In work where the grain of the various parta is 
disposed at right angles it will bo necessary to hold the plane with its axis 
oblique to the line of the fibres. By so doing the cutting edge crosses the 
Joiqt diagonally instead of being 
presented full width to the cross 
grain. This prevents the surface 
being torn up, as would be the 
case were the cutting to take 
place at right angles to the fibres 
of the surface. Fig. 180 shows 
Uus in diagrammatic form, the 
plane being/id vanced in the direc- 
tion indicated by the arrows. 

The Smoothing Plane used for End-obain Planing. — When cleaning 
off end grain, the plane should be operated from both ends of the surface 
to bo planed, in order to prevent splitting. This is shown in diagrammatic 
form in fig. 181; and it will be seen that here also the cutting tnlge occupies 
an oblique position. 

End-grain Chamfering. — 

This is best performed by the 
aid of a smoothing plane. The 
face of the plane should be 
parallel to the imaginary plane 
wdiich passes through the^gauge 
marks, but the axis of the 
plane should be inclined to the 
direction of the chamfer, thus 
producing shearing action, 
which has the advantage* of 
producing clean smooth sur- 
faces and of avoiding splitting 
at the end ^of the chamfer. 

The plane, instead of moving 
directly foi;ward in line with 
its axis, is moved bodily forward in the direction of the chamfer (fig.' 
182). ^ • 

Using the Rebate pland! — Rebates or rabbets* consist of rectangular 
recesses along the edge of the material and can be formed in various waya * 
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Thp dimensions of the rebate are first gauged on each face of the work Hhd 
either of the following methods adopted apoording to ciroumstancea. ^ 
(a) Using a Fence, — Thi^ consists of Jiailing a strip of wood to the work 

having one of its edges coincident^ 
with the gauge mark. The plane 
is worked in the rebate so formed 
until the gauge mark is reached 
(fig. 183). / 

(6) Using Chisel and Rebate 
Plane . — The use of nails to fix 
the fillet or strip of W(X)d in tlid 
previous example damages the 
surface, and in order to avoid tliis 
the following method may bo 
adopted. The dimensions of the 
rebate are gauged, using a cutting 
gauge for the purpose. The next 
step is to chisel out the greater poHion of the waste, os indicated in fig. 184, 
the face of the chisel being uppermost, as described in the chapter on “Chisel- 
ling Processes” (see p. 213). When the gi'eater portion of the waste has been 
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thus removed the faces of the rebate are finislicd by means of the “rebate 
plainf*. ^ 

(c) Forming Grooves . — When the rebates aVc large, it is advisable to first 
make on6 or more grooves throughout the entire length of the rebate by 
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moat^ of a “plough” (fig. 186). The core is then easily removed by chiselling, 
as in the last example, and the faces finished with the rebate plane. 

* Note. — The plough is 
a very difiicult tool for 
beginners to manipulate 
and its use should be re- 
stricted tt) senior scholars. 

The previous processes 
afford valuable manual- 
training exercises, and 
tips is the main point to 
1)6 kept in vi(?w. 

(d) Relxflintf by Aid 

of AuU Fillister . — The 
side fillister is practically 
a rebate plane provided 
with a fence for adjusting FJg. m 

the width of the rebate 

atid a “depth stop” which can be adjusted by means of a thumlwerew for 
rt'gulating the depth (fig. 186). Like the plough, this tool is cumbersome and 
difficult for beginners to manipulate, 
and if used in the manual -training 
room should be reserved for use by 
senior scholars. ^ 

(e) Rehatiny with Ncw/i Fillisttr . — 

The sash fillister is a combination of 
rebate plane and plough. It is spe- 
cially con8tructe<l for the formation of 
rebates on the “oft* side” of the ma- 
terial. It is provided with movable 
fence and deptli stop for regulating the 
width and depth of the robate. Tliere j 
is also a aide cutter wlfich cuts the | 
side of tlftj groove in advance of the Fig. i>»r» 

cutting iron, thps yielding, a clean 

surface to the side of the rebate. It ^ held and manipulated in the mcviner 
described for {Houghing. • „ 

The object of the sash fillister is to enable the planing to take* place in 
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the direction of tiie tibres and to ensure the rebate being parallel to the 
face of the material. The principle involved was explained when treating 
of the planing of sides and arrangement of face marks. 

US6 of Plough. — When making gi’ooves running 
in the direction of the grain it becomes necessary to 
use a plough. The plough consists of a number of 
parts, see fig. 187: The stock; cutting iron; wedge; 
the skate iron; depth stop; fence; beams; wedges for 
fixing beams in position, thus adjusting position of 
fence; setscrew for fixing depth stop. 

The cutting irons are specially constructed aqd 
vary in size according to the width of the groove 
which it is desired to make. They are prepared in sets ranging from J to 
J in. by sixteenths. On the bock surface of the iron there is a V-shaped 
groove extending for a portion of the length and occupying a central position. 

This groove fits a 
V-shaped edge on 
the back portion of 
the skate iron, thus 
keeping the iron in 
a central position 
and preventing 
lateral movement. 

Tlie skate iron 
is about in. in 
thickness, its nar- 
row edge serving 
as the “sole’' of the 
plane. To prevent 
the front end of 
the skate iron 
from digging into 
vif. us the material it 

is rounded, somc- 

I times having a fancy finish, as in fig, 188, thus enablingc it to glide over 
the ”ur(ace of the material. When s'^tting the plough, care must be taken 
to ensure that the inside face of the fence Is parallel to the skate iron. 
When sharpening the cutting irons their edges must be kept perfectly square 
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in order to ensure the bottom of the groove being parallel to the face of 
the work. 

Having set the plough ready for use it is held in the manner shown in 

189. The ploughing should ^ commenced 
from the front end of the material and worked |||||||||||||||||||||||||||m 
down practically to the full depth of the 
groove, gradually working backwaitls 
the back end of the groove reached. This 

is illustrated diagrammatically in fig. 190. HHHHBHHHHHHi 
The last few strokes should be taken in keep- rig. mi 

ing with the full length of the material. 

Using the Spokeshave. — When curved surfaces are to be planed it is 
obvious that the ordinary form of plane, with its long and broad flat sole, 
is unsuited for the purpose. A form of plane having its stock suitably 
constructed for such work must therefore be used. The simplest form is 
that of the spokeshave described 
in the chapter on planes (p. 181). 

(a) Cimvex Curves . — For these 
“iron” spokeshaves are most suit- 
able. 

(h) Concave Curves. — When 
the curvc.H are of small radius, i.e. 

“ (juick ”, small boxwood round- 
faced spokeshaves are best. 

Owing to the small amount of 
“sole” in contact with the work, 
the surface t>f the sbx;k is expose<l 
to a great amount of wear. It is 
therefore important that, when 
saw’ing such curves prior to plan- 
ing, the surfaces should be kept as 
even as possible, and only a very 
small raa^n of waste allowed. 

Thd method of holding the 
spokeshave will readily be understood by reference to fig. 191. The tips of 
the first flngei^ should be e.x tended dh to the top comera of the stocfl in 
order to pwvent the tool twining when in use. • 
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CHAPTER V 

Notes ' of a Lesson on the Firmer Chisel and 
Comparison with Other Kinds 

[X<»TK. —Wbilfli thi« aunpiiriMon haa (^fiven in the form of ‘‘Notes of a Ivesson " with a 

blackboard aumniary, it ia net^jauary to point out that there is far too much detail for any one 
IcMon, ft ia uonaidered advisable, however, to deal fully with the subject in the form of one teaaon, 
leaving teachera to aeleot juat aa much of it aa will suit the puqtone of any lostum they are giving.] 

liequired for the Ijesson, — Variouii kimh of chu^U as: Pali tig, firmef, mortise, register, 
gouges (scribing and carving). “ 

Specimens of wood: White pine, beech, ash, Imjx, elajuv. 

Specimem of rnrfal: Cast iron, wrought iron, steel, brass, copper, zinc. 

Introdaotioii.--[Kxhibit the chisels laid out for the lesson.] What are these 
instruments called 1 With which are you most familiar? What is its special name? 
In this lesson we will deal with this particular chisel. [As the lesson proceeds 
make comparisons with the other forms which scholars will use later, and on 
which there must be separate lessons.] 

Partf. — Handlr. — [liefer to handle.] What is this jiart called? Of what 
material is it made? Would any kind of woo<l suit? How di<l you drive the 
chisel forward when paring gitioves? Are they always pressed forward by the 
hand alone? How are they sometimes driven? [Exhibit piece of pine.] You 
have already discovered the character of this kind of wood. Would it answer 
for chisel handles? What would be likely to happen to it if struck with a mallet? 
What then must l)e the character of the wood used for handles? “Hard, tough, 
strong.” Name any such woods. [Explain ash, lieech, lioxwood. Exhibit speci- 
mens. Compare handles with sMcimens.] Of what ^ood is this handle made? 
[Compare comparative cost of different woods. Boxwood the Ijcst, but costly; ash 
and oeeck suitable and plentiful, hence cheap; ehony suiUiblo only for “hand 
pressure” very costly, very brittle and apt to split if driven with a mallet.] 

Top of Handle. — [Allow scholars to compare different kinds.] What do you 
notice? Why are some flattened, others spherical ‘k Which are spherical? flow 
are these dnven forwanl? Which are flattened? IIow are they oriven forward? 
One has an iron ring round the top. Why is that? What is the advantage of the 
rounded end? [Demonstrate: Spherical end fits palm of hand; flattened ends would 
^ake the bands sore.] 

Shape of Handle. — Are all the handles alike in shape? How do they differ in 
shape? “Cylindrical — Elliptical” “Cu.vcd — Plain”. [Refer to each in turn.] 
How are these handles gripped when in use? 

[Exhibit firmer.] ^^^y is this cylindrical? Why so smalH AVhy curved at 
lower end? [Demonstrate that the cur e is made to fit and accommodate the 
thumb.] [Exhibit “register”.] Curve affords o comfortable grip when driving. 
[Exhibit “mortise”.] Not so comfortable to grip, but elliptical section enables the 
chisels to be kept from turning when in use. 



197 


^0T6S 


A LESSON ON THE FIRMER CHISEL 

The t’KRRlJIiE. — [Refer to Ferrule.] What is this? Why is it necessary to 
have a l»an<J of metal? What is likely to cause the handle to split? What is the 
“iJhiiig” inside the handle for? [Take a chisel to pieces and exhibit the tang.] 
What happens to the wood when a spike of this character i» 0Hven into the end 
grain? [Demonstrate by driving a large nail into a niece of end-grain wcxxl of 
small section.] Why is this handle not split? How has the apiko licen able to 
accommwlate itself without splitting the wooil or even spreading it out? [It will 
be necessary here to explain that when the tang is driven in the fibrea of the 
woo<l are driven closer together — “com pressed'’.] The fibres tend to escape this 
compression in an effort to return to their original {)o.sition. In doing so they 
press on the “spike”, i.e. “tang”, setting up sufficient “friction” to hold the spike 
firmly in the woo<l. The fibres also tend to csca|)c in an outward direction, but 
iirtf prevented from doing so by tlie “ImuhI of metal”. The pressure of the fibres 
on the metal tends to pull the nietul asunder. Such a pulling force sets up 
“tension” in the metal. [Explain tension. Mention other examples. The rojie in 
a tug of war, tVc.] Of what kind of metal is the band made? lExhibit specimens 
f»f copper and zinc.] Can you name these metals ? Each is a piece of pure metal, 
not a mixture. You will be surprised to learn that when these two metals are 
melted and mixed they yield a metal such as this I>and is made of. [Explain 
when metals are mixed they form “alloys”. “Brass is an alloy.” Explain; ’fhe 
)«ind of metal we have been discussing is called a “ferrule”.) 

One chisel has no ferrule; whi<h is it? This has no ferriiie probably owing to 
the large section at the end and the awkwaidness of its shape. 

One has a ferrule at the top. Which is it? Why has it a ferrule there? 

The register pattern has a ferrule at the top, whilst the oixiinary mortise chisel 
has no such ferrule. Why is this? [Explain and compare the difference in sectional 
area.] Mallet only used on mortise chisel, hammer often used on “register”. [Ex- 
plain: Compression of fibres, <Iue to blow from striking tool. Nature of steel hammer 
ns compared with “wooden mallet” and consequent effect of “time of impact”. 

(a) Steel Hammer . — Hard and unyielding— force of blow localized— time of 
impact short— reduced time of impact causes reduced effect in blow— localized 
force and rednrerl impact lead to sudden shock on material treated, if of wood it 
causes sudden compression and great tendency to split. 

(b) Wooden J/fd/rf.— Soft-er and more yielding— force of blow distiibuted— time 
of impact much greater— blosv more effective— shock rciluccd— less tendency to 
split material — wood too soft, hence only suitable for use on wmiden articles. 

-Where a driving agent is used to drive forwmtl any object against 
resistance in the direction of its motion it is necessary that that driving agent 
should be of harder material than that of the body driven, otherwise the effect H 
impact will be to damage, or do work” u|)on, the driving agent.] „ 

The BAKDE. — [Exhibit a blaile,] • , 

The Tan®. — you call this mirt a spike; its real name is “tang”. For what is 
the tang used? What is its shape? [Lead up to wedge shape in both directions, 
i.e. “a pyramid”.] How does it grip the wood? [Explain: Many tools sintilarly 
constructed, a i^piKe-like formation being used to attach ^he metal portion of the 
tool to the wooaen handle; in all cases this is known as the “tang ,] , 
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The Shoulder.— [Refer to enlargement at base of tang.] What purpose does 
it serve "1 How is the force of the blow transmitted from the handle to the blade 1 
What would hapoen if there were no ** bearing surface”. [Explain: The enlarged 
surface at base oi tang is known as the shouldei\ It serves to receive and transmit 
the force of the driving blow. It is advisable to call attention to the extra cona 
pression set up in the fibres of the wood inside the ferrule, and the consequently 
increased tension on the metal thereby induced. 

Compare area of shoulders . — Firmer chisels. — Small— force applied small. Mwtise 
chisels . — Very large — have to transmit much greater force. Itegister mttem . — No 
shoulder. Yet these also have to transmit considerable force. How is this difficulty 
overcome ? 

Refer to tang and call attention to large sectional area at base.] When a heavy 
blow is deliverorl on the handle the force is transmitted to the blmle by the 
surfaces of the handle in contact with the tang. The “reaction” of the tang tends 
to split the handle. An enormous amount of compression is set up in the wood, 
which has to be resisted by the ferrule. Hence the ferrule must be exceedingly 
strong. [Examine the ferrule.] Of what is it made? Is there any difference in 
thickness compared with the other ferrules? [It will be necessary to explain that 
iron resists a much greater tensile strain than brass. Hence the difficulty of 
having no shoulder is met by using a much stronger material and making the 
ferrules much thicker.] 

The Nh(.:k — [Call attention to narrowing at top of firmer chisel and gouges, 
and the absence of such narrowing in mortise chisels. 

Demonstrate use of mortise chisel used as a lever to remove the “core” of a 
mortise.] What would happen if such chisels wore narrowed in at the top? Are 
Firmer chisels used in the manner just demonstrated? [Compare the “redster” 
pattern with others and show that it is much stronger. Explain: In oraer to 
reduce the wide blade in a suitable manner to form the shoulder and fit the 
smaller handle, they are reduced in section as shown, this part being called the 
neck.] Where are firmer chisels most likely to break? What is most likely to 
cause them to fracture at this part? “Improper leverage.” 

The Blade Proper.— [Compare the different blades. («) Borne thick, others 
thin, {h) Some wide, others narrow, (c) Some flat, others curved, (d) Some 
straigh^ others bent. 

which chisels are thick and which thin t Explain «tiame of each if not previously 
mentioned during the lesson.] 

Why is this one (mortise) so thick? Why is this one (paring) so thin? 
[Again compare the work to be executed by each and lead the scholars to see the 
advantage of each special form.] 

Flat and Curved. — [Compare flat chisels with ‘'gouges. Explain: Chisels 
having a flat surface must be used wheff' it is necessary to produce fUt surfaces, 
(louges used for jproducing curved surfaces. Curves vary according to particular 
kind of gouge, (^ll attention to work executed by each, as: B luting with firmer 
gouge; concave curves pared with scribing gouge; carving gouges used for both 
fluting and rounding.] «■ 

Straight and Bent. — [Compare ordinary gouges with carving gouges. Explain; 
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The curves which a carver has to make are often so vaiieci that in onier to obtain 
tl^e necessary "sweep” the blade of the gouge must be Writ. AVwmjttf^'.—Kliites on 
shaijp concave surfaces, <^.1 

Wide and Narrow. — {Call attention to width as compared with thickness. Kx* 
plain that width means len^h of cutting edge in flat chisels, and distance from edge 
to edge in curved chisels. Refer to mortise chisels, often thicker than they are wide.] 

The Grinding Bevel.— [Call attention to grinding bevel on each. How is it 
produced? Why is it "ground” and not prepared on the oilstone? (See notes 
on "Grinding”; also "Cutting Action” dealt with later). Call attention to fact 
that the angle which the grinding bevel makes with the bice is much the same 
in each case. The paring chisel is more acute than the mortise chisel. 

Call attention to grinding of gouges, (o) Firmer gouges are ground on the 
cgnvex surface, (b) Scribing gouges are ground on the concave side. 

Grinding bevel usually inclined at 25° to face.] 

The Sharpening Bevel.— [Refer to surface produced by oilstone.] How is 
this produced ? Why is it so smooth compiirod with the surface produced by the 
grindstone? Is it necessary to have the surface so smooth? [Explain necessity for 
having two perfectly smooth plane surfaces intersecting if a keen cutting o<lge is 
to be product.] 

Demanatraiion. — [Take a wedge-shaped piece of wood, and with a gouge make 
flutes down the face to represent the scratches made by the coarse |)articlo8 of grit 
composing the grindstone. Call attention to effect or such grooves (flutes) upon 
the cutting edge, i.e, its saw-like appearance. What kind of oilstone will produce 
the keenest cutting edge? Oilstones which produce the keenest cutting edge are 
usually very slow cutting. For ordinary work one of “medium cut” is used. 
(See note on "Oilstones”)!] 

The Cutting Edge. — [Allow scholars to examine with a lens and notice the 
serrated appearance of edge.] How can this be reduced to the minimum ? 

The Face.— [Call attention to smooth character of face in all casesj 

Composition of Blade.— [Refer to stamp on chisel "cast steel. Of what is 
the blade made? Explain: Though made of cast steel it <loe8 not mean that the 
blades are cast in moulds to their particular shape.] Cast steel refers to a particular 
variety of steel used for the manufacture of chisels. Bars of cast steel are forged 
to the shape required. The chisels are then ground, hardenc^, and tempered. 

[Compare wrought iron— %teel — cast iron. Refer to similarity in appearance. 
Demonstrate ease with which cast iron can be broken. Call attention to biittle 
character. Fracture a piece of wrought iron. Call attention to repeated bending 
required. Note fibrous character of fractures. Exhibit specimen ol fractured steel, 
if available, and compare, fractures in all cases. Explain ; Brittleness in iron 
induced by a substance called “carbon”.] Which specimen contains most carbon? 
Which omtains least carbon ? Iron containing no carbon is k?v>wn as wrought 
iron, and is 'HwiiU and flexible. 

Note.— « capable of being drawn out. Flexible = capable of bei ng bent. 

When iron .contains a small quantity of carbon up to about 3 per cen^ it is 
known as steel. The carbon iftakes it exceedingly bard and "elastic”, and also 
enables it to be "tempered”. • 
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'rhfl hai'fler vurietioa of ateel are forged only with difl'icultv, steel must on no 
uetount he heatetl to the same degree as wrought iron whetl'oeing forged. 

Steel is the only inettd eupahie of l>eing “ haitleno(J ” awl “tempe^d”, oth*er 
inetals ran he “hardened" b\it not “tempered". 

When iron contains more than 2 per cent of carlx)n it is ktiown as “east iron”# 
It cannot he forgeil on account of its brittle character. It is melted and moulded 
to shape. 

UsK of Chisels. — For what are all kinds of chisels used? The action of most 
chisels in removing a thin shaving is known as “panng". 

Note. — Pariny — t\\o act of re<lucing by removing thin shavings. 



HLACKHOARD NOTES 
A FIRMER CHISEL 

Definition. — An instrument used for paring wood. 

Partf. — A. Handle, — Woo<l — boxwood, l^ech, or ash. 

Slutjw , — Top portion, cylindrical; lower portion, shaped to 
fit thumb. 

B. Ferrule. — Brass — prevents handle splitting. 

C. -Position: PortioJi inside handle. Use: Fixes blade 
to handle. Shape: In form of a pyramid. 

D. Shanlder . — Expanded j)ortion of blwle at base of handle— 
Prevents blade driving too mr into handle. 

K. Blade.- steel — Forged and ground — Contains small 
quantity of carljon— Can be tem{>cred. 

F. Bla<Jo narrowed in to fit shoulder. 

<1. Fare of Blade.- -Flat side — Copying surface. 

H. Grinding BetvL — Produced by grinding; arigle between bevel 
and face 25^. 

K H. Mkvu^ 1. Sharpening Betrl. — Pro<luco<i on oilstfme; angle of 3.5® with 

face. 

Size of Chieel, — Width of blade. 

Kindi of Chiseh. —(A) Paring; (B) firmer; (C) mortise; (1>) gouge; (E) register. 




a. E Sketeb 
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CHAPTER VI 
Chiselling Processes 

It will be found that the exercises of Part III affonl facilities for using 
the chisel in many and various ways. Tlie ojKU-ations involved have, as 
far as jxjssible, Ijeen arranged in order of ditliculty. In this chapter it is 
propose^! to deal with each as a separate tt>ol exercise. The articles (|Uotefl in 
parentheses as examples of the various operations are seleebsl from Part III, 
in which full {miticulars of their construction, with illustrations, will Isi 
found. 

The Firmer ChiseL — Horizontal Pahino at Right Angles to the 
Fibres. — An example of this type of paring is aflbrded in the first series 
of grooves. The sides of 
the grwves must tii*st l)e 
sawn, care Ixdng taken to 
ensure that the “kerfs” 
made by the saw form part 
of the groove. 

Having sawn the 
grooves the work should 
Ijc fixed in the vice as«in- 
ilicatcd in fig. 11)2. The 
chisel is grasped easily but 
firmly in the right hand 

with the handle bedded 

comfortably in the |)nlin. rig 19* 

The thumb should be on 

the top of the handle whilst the first finger {Kunts in the direction of the 
blade, the remaining fingers being clasped round the handle. ^ • 

The ]^fi hand should be placed ovyr the bla^le as shown in figure. 

The left elljow should rest on the work, as indicated, I« order that this 
position may bft comfortably occupied it w'ill l>e found necessary to extend 
the right lej^ liackward, both knees^being slightly bent. • 

The chisel should have the face side, i.e. “ flat uside ”, downwards. The 
chisel is driven forward with the right hand, and its motion confw’olled and • 
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regi]lat<!d by nieana of the left hand, which acts as a repressing agent working 
abnit the left elbow as a pivot. ^ , 

For ordinaiy grooves the chisel should be pushed about halfway across 
the inateml and the process repeated until the gauge mark is reach^, when , 
the material should be reversed in the vice and the chiselling repeated until the 
gauge mark on that side is reached. The bottom of the groove should then 
be tested for Hatness by the aid of the try square, and any errors corrected. 

The shaving should at all times be thin, in order to ensure true cutting 
as distinct from the splitting action of the “wedge-shaped” chisel. 

All stit)kes should be steady and continuous — not jerky. Jerky chiselling 
lea<ls to splitting and the pitxluction of uneven surfaces, owing to the lacl& 
of control. 

Errors Common to this Form of Chiselling. — It is often found that 
all the fibres of the material composing the waste to be removed have not 
l)een sawn through, i.e. the teeth of the saw have not reached the gauge 
marks on the opposite surfaces simultaneously. When chiselling, the fibres 
which are not sawn through are lifted by the chisel and burst or splinter 
in the centre, but remain attached to the sides of the grooves. How are these 
to be removed? In the first place the sawing should l)e carefully watched 
and scholars made to test it by placing the saw in the kerf and examining 
whether the teeth touch both gauge marks at the same time. Any uncut 
fibres in the centre of the material will prevent the saw reaching the gauge 
marks. This should be corrected by further use of the saw. 

In the endeavour to avoid going below the gauge marks with the saw 
it is often found that there still remain a few 
uncut fibres, and it is not advisaVde to I'cturn to 
the use of the saw to sever them. Two methods 
are available for severing these. 

Shearing Cuts. — («) By holding the chisel 
firmly on to the bottom of the groove and press- 
ing its edge firmly against the side of the groove. 
If the chisel be now steadily advanced, the edge a 
of the sharpening bevel, fig. 193, appear| to rise 
up the side of the groove and the fine fibres Which 
protrude are shorn off. This affords an opportunity 
of callfhg attention to the “shearing cift” as distinct from cuts made with 
keen cutting edgea Refer to action of scissor^ and shearing machines. 

(h) The chisel is held in a slightly inclined position, as shown in fig. 194. 
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with its face firm afloat the side of the groove. It is then drawn towards 



the operator in the direc- 



tion indicated by the 



arroM^ thus severing the 



fibres, which can after- 

r \ 


wards be removed by 

1 . T , \ 

1 \ 

chiselling in the ordi- 

•i 

nary way. 


Method to be 

\ 

1 

Avoided. —Left tothem- 

1 

FiaiM 

selves, scholars are very 
apt to adopt the method 

FIk. 19ft 


indicated in fig. 196, with the result that the side of the groove is chiselleil 
and faulty. This method should on no account be adopted. 

Horizontal Paring Oblique to the 
F 1 UHE.S. — This application of the 
involved in the series of grooves forming 
the second portion the exercise. 
wood should be fixed the 
the 

chisel is a 

to that already descril)e<], but the body is 
ranged in the of the 

In 

opposite side.s. exercise 

should be tiirnefl such a manner that. 
when chiselling, the cuts are made in the 
direction which the fibres are running, 

The chisel should be kept horizontal 
position and pushed steadily across the full 
width material. .What has already 

been sai^ concerning uncut fibres and the ||||[||^m||||H[U||^H|H|PH| 
method of ^moving them can be applied fi**iiw 

in this case. • 

Vertical. Chmelling or PARiNti. — This method of chiselling i<f often 
adopted for removing comers, paring the end of* material, and forming 
convex surfaces which cannot be finished with the spokeshave. • • 
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Flut Vida. — The chisel should be held in the manner indicated in 
!!)(>. The handle is hrmly clasped in the right hand with the thumb on 
the top. The blade is held and guided by moans of the thumb and first 
finger of the left hand, the lower portion of the hand also servos to keep 
the material in position on the “cutting board”. 

When wide cuts have to be mode, care must be taken to study the 
nature of the material to be cut and advantage taken of the “wedge action” 



Fig. m Fig. 198 


of the chisel. 197 illustrates the correct method of chiselling a wide 

surface, and fig. 198 an incorrect method with conseijuent splitting. 

Shearing Cuts and Chamfering. — ( a) Croan gptin—ai right angles, 
( f ^ xnmple . Exerclse IV, p. 251. Keyboard.) — When small chamfers have 
be formed on the cross grain, they are usually made with the chisel. For this 
purpose the material should be fixed in the vice in an inclined position, as in- 
dicated in the figure. The chisel is held in a manner similar to that describefl 
for grooving. The cutting edge of the chisel octfupies an oblique position 
relative to the fibres, which position is maintained during the removal of 
the shaving. The chisel is not pushed forward in the direction in which 
it as pointing, but is drawn obliquely across the material a.s indicated by 
the arrow in fig. 199. This action shears off the material and has the effect 
of producing a smooth surface and avoids the tendency to split which arises 
when the chisel is held at right angles to the material and push^ forward 
in line with the axis of the chisel. 

{b) Cross Grain — Oblique . — In this case it is not necessary '^to adopt the 
shearing principle, but the chisel may be held in line with the chamfer to 
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b(! formed and pushed directly forward, care being taken to ensure that the 
cutting takes place in the direction of the fibres (fig. 200). 

(o) In Direction of Grain. 

{Example. — Oxford picture 
frame.) — It ofttm happens 
that chamfers liave to be 
formed which run in the 
direction of tlie grain. If 
these be continuous through- 
out the length of the material 
a plane should l)e u.sed, but 
in cases where they do not 
extend for the full length of 
the material the chisel must 
be used. "The chisel should 
be appljpd in the manner de- 
scrilV»d above in Section a, 

and very thin ^lavings should jo,, 

be taken. • . ^ 

It is important to see tftat the face of the chwel is held at the proper 
inclination in order to allow the chisel to be carried the full length of the., ’ 
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chamfer without altering the inclination. The cuts must be made in the 

direction of the fibres (fig. 201). 



fit >01 rig. Mg 


(d) Curved Chjamfern. (ExampUs , — Bread boanl; photograph frame.) 

When the curves are sharp it is often impossible to use a spokeshavc for 
such chamfers; the difficulty in such cases is overcome by using a chisel 

with the bevelled side 
towards the material. 
The principles in- 
volve<l and cutting 
action employed arc 
as already explained. 
It will readily be 
understood that this 
ty|)c of chiselling re- 
quires skilful wnst 
manipulation. Fig. 
202 illustrates the 
process. 

This method is also 
applied to the forma- 
rii. 90 S "curved slops” 

• to stop chamfers. 

PAiviNG Obliquely in the Direction of the FiBKES.-~(rt) Contintwut 
cuts, {^amplet . — Key iabel; bearer for egg starid; pin for lapped dovetail > - 
, This is a fairly simple operation. It is necessary to maintain perfect control 
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over the action of the chisel by means of the left hand. Fig. 203 indicates in 
a general way the method of manipulating the chisel. 

The work is so arranged that the direction of the cut becom^ as nearly 
as possible horizontal. 

(6) Stopp^ Ciittivg . — When forming 


rig SM Fig. 206 

the dovetail pin the left hand must exorcise a repressing action in order to 
prevent the fitting shoulder being damaged by the chisel (fig. 204). 

(c) Oblique Notching. {Example . — Bearers for the egg stand.) — Having 
marked out the material, a saw kerf is made as shown in fig. 205. It is 
advisable tliat the kerf should not extend quite to the line. The chiselling 
should be proceeded with by working alternately from opposite sides until 
the last cuts intersect ^at the bottom of the notch. Should one side be 
entirely finished before starting the other, it 
will readily be seen that there is a danger, 
when chiselling the second portion, of the 
chisel slipping and damaging the finished 
surface. ’ 

The chisel must be carefully reprossefl as 
it nears the intersection at the base of the 
notch. 

Vertical Paring of Curved Surfaces. 

— (a) WKcn the curve is free throug)iovi its 
hngih, {Example . — Luggage label.) — The 
chisel should be held as already destribed. Fig. 206 should make cl«*sr the 
effect of the chisel. The actJion of the wedge-shaped •chisel will b^ \p split 
the wood. Should the chiselling be commenced as at a the chisfel*will force , 
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Cho waste out in the direction indicated by the ari-owhead, and as the fibres 
of the wcKxl are continuous post the corner of the chiseb splitting will take 
place as shown. The chiselling should therefore be commenced as shown at 
Hg. 206; splitting still occurs along the dotted line shown, but the wasUj is 
free to move forward in the direction indicated by the arrow without the 
split running into the inner portion of the model. 

(6) Cmijined Carves. — An example of this tyjMj will be found in the small 
curve on the support of the wall bracket. 


Saw kerfs should be ntade at a and 6, os in 6g. 207, and the chiselling can 
then \ye proceeded with as in the last example. A small chisel should be 
used for this exercise. To hnish 



vice and vertically chisel the end at (f, surface b lx*ing pared horizontally 
and vertically. 

Stopped Grooving. {Kocam-ple. — The wall bracket.) — Having set out the 
groove, the stopped end must Ik^ mortised as shown at a (Hg. 208). The tip 
of the tenon saw can then bo worked in these mortises, and the groove sawn 
in the usual way. 

Mortising. — (a) Open Mortises, (Exfimples . — Mortise in bridle joint, 
f<jotstool, sloto for dovetails.) — The work having been set out, the sides of 
the #»peningH are 6rst sawn. The bulk of the waste may then be removed 
in one of three, ways: — 

(1) By boring a hole ns show'ii at (o) (tig. 209), the waste piece may easily 

be knocked out. < 

(2) By mortising n.s. indicated at {b) in Hg*. 209. This method, though 
often adopted, entails lass of time and waste of energy. 
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(3) Where large slots have to be made, the sides are first cut with a 
tenon saw. A bow saw is then run into the cuts, and turned to cut across 
the ^in at a 6 (fig. 209), thus liberating the waste. Caro must bo taken to 
avoid running the saw into the sides of the slot. Having sawn out the waste, 
the fitting surfaces are finished by paring l^ack to tlic lino witli a thin 
sharp chisel 

(6) Through Mortising. {Emmples. — Mortise -and -tenon joint, towel 



rif.wo 


roller.)— The method of jsetting the mortise gauge and gauging is dealt with 
elsewhere. 

When the mortise has to pass entirely through the material, care must be 
taken to start from the back edge. This is very important where allowance 
has to be made for wedges. Assume abed (fig. 210) to represent the mortise. 
The chisel is held in a vertlfcal position, with the cutting edge a short disUnce 
forward from the end of the mortise, as at c/, when a firm steady blow is 
delivered on the handle, driving the chisel into the material, and thus forming 
a shallow wedge-shaped opening. The chisel is now moved slightly fonvard. 
and, being held vertically, is again driven into the material. The actiop of 
the chisel should now be carefully studied. This is shown diagrammatically 
in fig. 211. ^Tlietchisel is wedge-shaped, and when the blow is delivered upon 
the handle its force is resolved into angular components acting at rightraugles 
to the planes of the wedge. (Shown in the figure by tjio small arrows.) These 
forces seek release in the line of least resistance, which is clearly in th^ direction ^ 

(C 616 ) 
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of the arrow marked a, the effect being to overcome the cohesion existing 
between the fibres, thus forcing the sn^l piece of waste into the opening 
fii-st formed, when it can easily be removed by using the chisel as a lever, as 
ii 4 fig. 212. Edge a acts as a fulcrum, about which the chisel turns. This 
process is repeated, and at each stage the face of the chisel is brought slightly 
nearer the end a 6 of the mortise. When the mortising has been carried near 
to the end cd (fig. 210), the chisel must be turned round so that the face of 
the blade is presented to line c d and a vertical cut 
made. The finished edges of the moHises must 
on no account be used as fulcrums, otherwise tlio 
material will become bruised, and bad fitting will 
result. 

Having driven the mortise slightly more than 
halfway through the material from the back edge, 
the material must next be turned over and the 
process repeated, the 
cuts meeting in the 
centre of the material. 

Care should be taken to 
see that the work does 
not rest on any of the 
loose core. 

It is essential that 
•the chisel l)e not in- 
clined to either side. 

The axis of the chisel 
must be in a plane 
paiallel to the face of 
the work, as in fig. 213. 




Fig. 213 


Fig. 214 


The method of holding the chisel and delivering the blow is shown in fig. 210. 

(<?) Stopped Mortising. (Example . — Mirror frame.) — It is necessary that 
mortises stopped as in this example, where to have the tenon showing* 
would ||pv(^an unsightly appearance t<> the work. • 

The proccsss is similar to that already dcscrilicd. Care mu6t lie taken 
avoid driving the ^chisel too far into the material. The depth to which the 
chisel is to entef the material may be iddicato<l by gluing a strip of papeY on 
either side of the chisel, as sho^n in fig. 214. • 

Scribing. (Example . — Corners of frame for towel roller.) — lliis 4s but a 

i 
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n*petitioii of the procetw described under “Vertical Paring" on page 207, • 
the scribing gouge being used in place of the firmer chisel. Hero, too,,tho 
tendency of the material to split must be carefully studied and taken ad- 
vantage of. ^ 

Pahino Large Flat Surfaces. (Example. — Under surface of simple 

inkstand.) — This exercise requires considerable skill, and the success of the 
operation «lepends upon the full realization of the possibilities of the chisel 
as a "copying tool”. It has already been pointed out that the “face” of the 
chisel blade is a plane surface, which surface can be used as a guiding agent 

for the produc- 
tion of other 
plane surfaces in 
the substance of 
the wood. Hav- 
ing marked out 
the waste in the 
usual manner, 
make several 
saw kerfs from 
} to 1 in. apart. 
The kerfs should 
be carried to 
within about ^ 
in. of the gauge 
Kig. ai.-> mark. The waste 

may then be re- 
moved, as if treating a series of grooves. To finish the surface, first ascer- 
tain in which direction the fibres run, and so arrange the exercise in the 
vice that this direction runs from left to rigfit. Commencing at the left 
einl, a portion should first be chiselled flat, from gauge mark to gauge mark. 
This should be carefully testwl by means of the try square. This true 
portion serves as a “rest” for the chisel whilst the flat surface is being 
extended. The chisel should not Ixj ^used as in the case of ordii^ry grooves, 
but is worked with a scythe-like motion, with as much of the as* possible 
working on the flat surface first produced, whilst only theVight corner of the 
blafle IS used for extending the cut, the motion being indica^Ml by the series 
of arrowheads in fig.* 21 5. The shavings should be exceedingly thin, and it 
is advisable not to attempt finishing the surface in one cut. It will be seen 

} 
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•that the action partakes of the nature of a shearing cut, working in the 
direction of the fibres. 

Fluting. {Examjyles. — Simple inkstand, larger inkstand, m^ieine 
Cfjjinet.) — The firmer gouge is used for this purpase,. and the bevelleci side 
is turned to the work. The , shaving must l)o thin, as, owing to the curved 
shape of the blade, when force is applied to the handle it is resolved into 
components acting normal to the curve of the blade, the effect being that 
considerable compression is set up in the material composing the shaving, 
thus retarding the forward motion of the gouge. 

Rebating with the Chisel. {Example . — Oxford picture frame.) — When 
the»rebate is not extended for the full length of the material it is impossible 



riir. 216 * Fig. 217 


to use the rebate plane in the ordinary way. Recourse has therefore to lx* 
had to the chisel in order to remove the waste. See fig. 184. , 

Having gauged the rolmte, the chi^*l is held in the left hand with the 
bevel side downwards. The exercise affords a useful example* of the assis- 
tance gained by a 6orrect use of the “ inclined plane " principle underlying the 
construction of Jhe chisel. • ^ 

If the chisel be held as sho^ in fig. 216 it will be«seen that the surface 
of the sharpening bevel stands practically at right angles to the hbres of the 
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vv'ood, auti before the chisel can enter it must compress the fibres in the 
direction indicated by the arrows, such compression entailinjf the expenditure 
of a considerable amount of energy which is not utilized to best advantage. 

Compare this action with that shown in fig. 217, where it will be se^i 
that the face of the chisel is inclined to the line of the fibres, the action of 

the face of the chisel, together with the re- 
action of the wood under the chisel, tending 
to lift the waste material at each stroke as 
indicated by the arrows. In this method 
there is little compression, and the energy is 
used to best advantage. Having iiiada a 
series of cuts with the chisel, the waste is 
easily removed, and the surface may then be 
finished by paring in the ordinary way. 

Rolling Cum (JKcampZc. — Brackets for 
shelf on mirror frame.)— Tbe curves are of 
such a character that it is impossible to finish 
them with the spokeshave. It is therefore 
necessary to use the chisel for the purpose. 
The method of doing so is indicated in fig. 
218. The chisel is held with the bevelled 
side towards the work, and is carefully controlled and made to follow the 
direction of the curve by means of the wrist. 

When the chisel is reversed in this manner the«difiiculty of manipulating 
it is much increased, os the surface of support is only equal to the area of the 
sharpening bevel 
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CHAPTER vir 
Boring Tools 

« Bradawls. — Constkuction. — Bracjawls consist of two main parts: (a) The 
blade, (h) the 'handle. 

The blade is made from steel wire of the recognized standard gauges. The 
cutdng end is drawn down to a wedge-shaped end, whilst at the top end a 
"shoulder” and tang are formed. The hondlea are made of boxwood, ash, or 
beech; the shape adopted affording a convenient grip when in use. 
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The blades are very apt to work loose in the handles. This is overcome 
by means of a rivet which passes through the ferrule, handle, and tang; b\it 
of course such a rivet is somewhat inconvenient when it becomes necessary to 
jrenew the blade. Other methods of fixing the blade to the handles take the 
form of specially constructed 
ferrules. 

Cutting Action. — The 
bradawl is one of the most 
primitive boring tools. The 
cutting edge severs the 
fibres, and by means of the 
turning motion imparted by 
the hand the fibres are com- 
pressed, but not removed. 

Whilst this operation pre- 
sents little difficulty in the 
case of soft woods, it will 
readily be seen that there 
will be a great tendency to 
splitting when this action is 
applied to dense hard woods; 
and particularly is this the 
case when boring holes near 
the end of a piece of wood. 

When starting a hole 
the cutting edge sliould be 
placed across the fibres, in order to cut them transversely. If arranged in 
the other direction, the wedge action of the blade acts at right angles to 
the fibres, causing the material to split (see fig. 219). 
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BLACKBOARD NOTES 
BRADAWLS 

Deflaitioa. — Instruroenta used for boring small holes — Primitive form ox boririg^tooi. 

Parti.— , • 

HaitJU. —Box f beech, or ash, ^shaped to fit hand. 

FenvU. — Brass — Prevents handle splitting. 
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blade.- Cast steel -Forged to shape. 

(<i) Cutting edge. — \Ve<lge-shaped form. 

{b) Shoulder. Knlargeinent of blade; prevents blade driving too tar into 
handle. 

(r) Tung. - -Tu|>ering prong for fixing blade to handle. 
bivet . — Prevents blade working loose. 

Method of Uiing. — Cutting (ylge aiTunged across fibres at starting. 


Gimlets. — TIlia form of boring tool has undergone many c)mnge.s during 
the procesH of evolution. It took its rise from the bradawl, the firnt 
change being the substitution of a pod-shaped blade in place of the solkl 
cylinder. The sides of the pod performed a certain amount of cutting, thus 
reducing the compressile forces set up in the material when large holes were 
being bored. The use of such instruments demanded the exercise of much 
muscular energy, and the instrument had constantly to be removed in order 
to discharge the “core”. Later, the screw point was introduced. This 
servtMl to reduce the amount of muscular energy required to drive the 
instrutfient forward, but did not overcome the necessity for its removal to 
discharge the core. Tliis difficulty was overcome by the introduction of the 
“ spiral twist”, which acts as an inclined plane, causing the core to rise and 
discharge at the surface as the instrument is rotated. 

The form of handle adopted is invariably the “tee” shape. This afford.s 
a considerable amount of leverage (see Chapter XI). 

The auger is merely au enlarged form of gimlet used for boring large 
and deep holes. The handle is much longer, and the necessary force is 
applied by using both hands. 

Construction. — Gimlets consist of two main parts: (a) the blade; (h) the 
handle. 

The blatle is forgetl and ground U) the requrred shape; the screw {K)int 
being cut in a lathe. The top end of the blade is made in the form of a 
pyramid of quick taper which passes through the handle, and is riveted 
c>vor a small, brass or copper washer. 

^ho handle is simple in design. I^ is cylindrical in form, wit^i hollows 
b) accommodate the thumb and finger, and is usually made of,boxw6od or 
some hard, tough wood to resist the tendency to split wl^n in use. The 
washer prevents the handle from splitting when the end of the blade is 
riveted, and also keeps* the blade from workinjj^ loose, as would happen were 
the riveted end of the blade to act directly on a wooden surface. 
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BLACKBOARD NOTES 
GIMLETS 

* Definition. — Instruments used for boring holes in vroo<l, ranging from | in to | in 
Kinds. — 

A. Shell. 

C forms— act as an inclined plane-removes core 
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Fig. S30l->a B Sketch 


Pnrts.— 

Handle (boxwood), cylindrical in form. 

Blade (steel), forged -aground and turned to shape. 

(tt) Screw at end draws the instrument into the wood — reduces muscular 
effort required. 

(h) Shell cuts away core — removes waste. 

(c) Tang— foirni of pyramid— fixes handle to blade — end riveted. 

(d) Washer (brass or copper) distributes pressure of nvets. 

Brace and Bits. — The cutting action of bradawla and gimlets is not 
continuous. In the case of the gimlet the position of the hand has to be 
changed ah each half-turn. The brace overcomes this difficulty and enables 
a continuous rotary motion to be jmparted to the various cutters, dhlled 
“ bit^ brace has undergone many changes during* the process of 

evolution. The* underlying principle in its construction is the applicatioif 
of the “crank”, or bent arm. The ^rank enables continuous motion' to be 
imparted, and affords greater leverage when in use.* Space will not permit 
a detailed account of the evolution, but this has been mainly the lines 
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of the friction in the working part^^, and improvements in the 

riietluxi of clasping the hits; the final procluct being the American pattern 

ratchet hmce, with 
polished or nickel- » 
plated steel bars, 
having spring jaws 
and fitted with 
anti-friction “ball- 
bearing” collar. 

Construction. 
— The brace coiv 
sists of three main 
parts: (1) the heat! ; 
(2) the crank; (3) 
the chuck — as will 
be seen by i*efer- 
ence to fig. 221. 

(1) The head 
(A) is fonned of 
hard wood, and is 
shaped to fit the 
hand. It is attached 
to a steel sleeve (B) 
which is flanged 
and 8crewe<l to the 
wooden head. It 
fits over the end of 
the crank rod and 
has its bearing on 
hardened steel balls, 
which in turn work 
on a hardened-steel 
collar (C fnd D) at- 
tached fx} the crank 
roH and forming an 
abutpient for the 

head. This will readily*be understood by reference to fig. 221. The hardened. 

• steel washbr (C) prevents wear, and the steel balls reduce the amount of friction 
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(2) The Crank , — This consists of a rectan^lar bend in the rod (E), varying 
,in amount from 4 to 5 in. The instrument would be inconvenient to work 
were these dimensions exceeded, as it would strike the chest at every l•otation. 
The diameter of the circle traversed during one rotation is known as the 
“sweep”, which varies from 8 to 10 in. The size of the brace is known by 
its sweep. The crank is fitted with a hard-wood handle (sleeve) (G), having 
brass or steel bushes and working between collars (F) which are forged on 
the crank, thus preventing the handle (sleeve) sliding up and down the 
crank. The sleeve is shaped to affoi*d a good grip. Some braces have no 
handle, in which case all the friction due to rota- 

•tion of the brace falls on the hand. 

(3) The ChtLck , — It is here that the greatest 
improvements have been effected. The early forms 
were provided with a rectangular tapering hole 
into which the end of the bit was fitted, being 
kept in position by means of a spring or thumb- 
screw. The modern chuck is a great improve- 
ment upon this, as it enables bits of varying sizes 
and shapes to be firmly gripped. The end of the 
crank rod is enlarged to about 1 in. in diameter, 
and is threaded for the greater part of its length; 
it is also slotted for the purpose of I’eceiving the 
“jaws” (H), (enlarged details, fig. 222), 

A socket is fitted to the screwed portion just 
described, the front portion projecting beyond the J'**- W4 

crank rod, and having the inside shaped in the 

form of an enlarged hollow cone (fig. 223). The hollow cone corresponds in 
its taper to the sloping sides of the “jaws”, which fit loosely into the socket 
formed in the crank rod. * Hence, as the socket is screwed on, its inner surface 
closes the jaws, which in turn grip the bit. 

The jaws consist of two pieces of hardened steol loosely riveted at the 
bottom and made to open by means of a steel wire spring. .The top outer 
surfaoei^ taper to the section of a CQne corresponding to the inner side^f the 
socket. inner faces of the jaws are recessed, the rec^ being small at 

the top and laTge below for the purpose of fitting over the enlarged ends nf 
the bits, tht)s preventing the bits fklling out when in use. The dehiils are 
shown in fig. 224. • • 

The ratchet is a contrivance for enabling the chuck to be driven in one» 
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direction only. Small levers or pawls are placed on each side of the chuck 
which, hy means of a iwolving collar, are made to en^a^e with racking. 

formed on top part of the chuck (fig. 225). 
The pawls may be so arranged that when ^ 
the brace is drivtm 
clockwise it c^arries the 
chuck with it, but when 
driven anti - clockwise 
the chuck remains sta- 
tionary. By altering 
the rotating collar and 
reversing the pawl en- 
gaged, a 1 * 6 verse action 
may be obtained, or by 
allowing botli pawls to 
engage, the chuck may 
be turned in either direction. This arrangement is very convenient for 
enabling holes to be boreil in confined spaces which do not p4.‘rmit of the 
free sweep of the brace. 

Method op Holding. — This will readily be understood by reference to 
the accompanying figure (22fi). 

BLACKBOARD NOTES 
THE BRACE 

Definition. — A crank-shapwl instrument for holding Wing tools and affording 
levtMiige during the process of Ixiring. 

Parti, - 

Head, — Haml rest of hanl wood, ffanged steel sleeve screwed to head, fitting 
over ctank rod. 

Ball liearings resting on hardened-steel collar. 

Craid'. — Crank rod bent to rectangular form 4 to 5 in. long. Sweep, 8 to 10 in. 

• AfTordt leverage. 

• Provided with hard-wood handl« (sleeve). 

HancHe works between collar — ball-jointed. 

. Handle reduces friction on hand. 

Chinfk, — (rt) Enlargement of crank rod — shotted — screwed. 

(6) SorJcS. Screwed to fit crank rofJ. Inside of top — enlarged 
hollow cone, fiti over jaws. 

I * {c) Jaws — two pieces — fit into slot — loosely riveted at base — opene<l 
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by steel wire spring —closed by inner surface of socket — Inside faces 
recessed to fit over end of bit. 

RatcheL — Contrivance for governing motion of chuck. 


CHAPTER VII [ 

Hammers and Mallets 

Definition. — Hannners and malleta are instruments u«oil chiefiy for 
^lelivering blows, the force of the blow acting as a propelling agent on other 

tools or bodies. 


Klg. tiH 

Varieties. — Many different varieties of hammers are in common use, 
each having its particailar shape and serving its own special use. 

The chief patterns 
are: The joiners’ hammer 
or “Warrington” pattern 
(fig. 227); the “Exeter” or 
London pattern (fig. 228); 
the “ Canterbury ” claw 
hammer (fig. 229); the 
adze-eye or “ American ” 
claw (^. 230). 

There is very little 
variety in the form of 
mallet *a4iopte<l for use 
• by woodworkers. • 

ParU. — Hammers 






Fig. 227 
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and tiialleia aro divided into two main parts: (a) the head; (b) the shaft 
or handle. 

The Head. — Hammar heads are made of cast steel, and are forged to the 
reijuirod size and sliape. The shape depends upon the particular type of ^ 
liainmer being formed and the balance desired’*. 

The head is divided into three main parts, as shown in tig. 227: (A) the 
bice; (B) the pane; (C) the eye. 

The Face. — This is the most important part of the head. It is cylindrical 
in form, having the striking surface slightly convex, and its diameter varies 
in keeping with the weight of the head. 

The Pane. — ^The hack end of the head is known as the “pane”, and varies, 
in shape according to the particular pattern of hammer. For woodworking 
purposes they are usually flat, as in the “Warrington” and “Exeter” patterns, 
or curved, as in the claw hammer. 

(ft) The cross pane is wedge-shaped, having its edges at right angles to 
the axis of the handle. The edge is rounded. It is used for driving nails 
situated in conflned places. 

(b) Tfve Claw. — In this case the pane is in the form of a curved wedge 
having a triangular split in the middle. The thin end of the wedge enables 
it to be inserted under the head of any nail that has to be extracted, the head 
Ixdng gripped in the triangular split. The opening in the claw is also tri- 
angular in section, thus preventing any tendency of the nail to slip. 

The Eye. — This is the name given to the hole through the head into 
which the handle or shaft is titte<l. 

The eye is elliptical in shape, and is smaller towards the middle than at 
tlie outsides. Care has to be taken during the process of forging the head 
U} ensure that the hole is centrally placed in keeping with the axis of the 
head and handle, otherwise the hammer will not “hang” true. 

There is no eye in the head of the Canterbufy pattern. The head is 
forged with two flanges which extend along the sides of the handle. The 
handle is tixed to the head by means of rivets which pass through flanges 
an<^ handle. It will readily bo seen that such an arrangement is not suited 
for resisting tlio'suddcn shocks duo to heavy blows, or for resisting the strain 
duo to leverage exerted when extracting nails. ' 

, Sizes range from 0 to 10. ' 

The4Iandle or Shaft. — This must bs made of wood which is flexible in 
character. Ash knd hickqry are most suitable for ihe purpose. Tfie flexibility 
pf the handle plays a very important part in the effective force of the blow, 
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serving as it does to lengthen or diminish the time of impact. The handle 
is^ elliptical in section, thns affording a good grip when in use, also serving 
to keep the axis of the head in line with the direction of the line of force 
of the blow. The end which passes through the eye is oonical in Hha[)e, 
and is firmly fixed to the head by means of an iron or wooden wedge driven 
into a saw cut which is made in the end of the handle before the handle is 
driven into the eye. The end of the handle which is held in the hand is 
made of suitable section to afford a comfortable grip; the upper portion near 
the head is usually reduced in section in order to increase the amount of 
flexibility. The length varies in keeping with the weight of the head. 

, Handles should be made of wood that has been thomughly seasoned, 
otherwise, when in use they are apt to work loose in the eye. 

Process of Manufacture. — The heads are forged to the desired shape 
from cast steel, and the faces have to be very carefully hardened and 
tempered to withstand lieavy blows. It is essential that all parts of the 
face be uniformly tempered. The central |x)rtion surrounding the eye must 
he annealed in order to prevent fracture. 

Method of Using Hammers. — The effective force of blows flelivered 
depends upon the amount of leverage exerted, together with the momentum 
of the hea<i. 

For light blows the weight of the heat! falling through a small distance 
and actuat(Ml from the wrist is sufficient. 

Heavier blows are obtained by exerting leverage from the ellK>w or 
shoulder ajid causing tl^e hammer to fall through a greater arc. 

The handle should 1 k^ easily but firmly gripped in the right hand, os 
near as is convenient to the end farthest from the head, as in fig. 281. 

Whenever possible the work sliould be so arranged that the blows from 
the hammer fall vertically, as in this manner the force of gravity iiiateiially 
aids the operator and the proce.ss of hammering is less tiring. 

At the time of impact the axis of the hammer head should be normal 
to the surface struck. 

The hammer should not Ixj used for delivering blows on wooden sur- 
faces. Owing to the great density of the steel, and the smaSf area of# the 
face, the force of the blow is concentrated u|>on a small area, and the sudden- 
ness of the shoGfk, due to the unyielding character of the dense steel, pro-, 
duces unsightly bruises in the surface of the work, and may even rtipture 
the fibres. * ^ 

Experiment — Deliver a few heavy blows upon the surface of a piece of 
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wood, producing the bruieeH descril^. Plane the surface until it is sgjlin 
Hat. Wet the Hurface and note reaults. 

Tliia exfRTitnent ia to make clear to a class the detrimental effects of using 
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the hammer upon the surface of their work, particularly where such work 
is 8ubee<tuently to be painted, stained, and varnished or polished. 

Mallet.s. — These ai-e simply forms of woofJen hammers. They are usually 
made of beech, hickory, or lignum rifce. 

The heail is usually rixitangular in section. 
The top curve forms an arc of a circle the 
centre of which is at, or about, the p^isition 
of the elbow. The faces form “ radii ” of 
the circle. 

The eye is rcctangular in .section. The 
two ends of the dye taper towards the inside 
of the head, w'hilst the sides must be parallel 
(tig. 282). The handle is inserted from the 
top and maintained in position by the cen- 
trifugal force of each blow'. The reactions 
of the wedge-shaped handle act on planc.s at right angles to the*^ direction 
,of the Hbrc.s. Were the handle to taper in both dirtKrtiorts it will readily 
lie seofi that the effect of the centrifugal force would cause the wedge-shaped 
handle to .split the he%d. The size is indicate^l by the length of the head, 
^ and rang«.s usually from 4 to 7 in., increasing by half-inches. 
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Owing to the large area of the face, {He force of the blow is distributed 
over a considerable area. The material of Which the head is composed, not 
being so hard and unyielding as steel, does less damage to the surface of 
the work when a blow is delivered, i.o. the time of impact is greater. 

* Mallets are used chiefly for driving chisels, as in mortising, and for knock- 
ing w(X)den frames together. 


BLACKBOARD NOTES 


HAMMERS 


Dejnition. — Instruments chieHy used for 
driving nails. 

Parti.™ 

A. Cast steel —Forged to shape— 
VanoUs i>atterns. Sketch — Warring- 
ton, Exeter, Canterbury, American 
claw — Vary in weight — weight indi- 
cated by numbers. 

B. Fftre. — Very hard slightly curved -- 

less liable to damage surface than 
if Hat. 

C. Pa 114’. — Very haid — Wedge-shaped — 

Used for (a) straightening bent nails; 
(b) driving nails situated in angles, 
A'c. — Sometimes claw shaped for ex- 
' ti-acting nails. 

I). Ff/e . — Hole thi*ough heji<l to accommo- 
date handle — larger at outsides than 
middle. 

No eye in the Canterbury pattern. 

E. fPedtjr . — Spreads end of handle — pi’e- 

vcnts heatl working loose. 

F. Handle. — Wood — Ash oi^ Hickory be- 

cause flexible. Elliptical in section — 
about 12 in. long — should l)c com- 
fortable to grip. 

End (rt) tapers in order to pass 
through eye in head; (h) shouhijje 
belt? well towards the end. 

Axis of heail shocild be in line with axis of 
nail to be driven. 

Blows deli vetoed — three degrees: From 
Wrist, li^ht — Elbow, heav*ier — Shoul- 
der, heaviest. 

(TMS) 
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Hl.Aqj{^*ARir NOTES 



>“ MALLETS 

Definition. -IriRtrumcnts used for delivering blow« 
on siirfacee which would be damaged if a 
hammer were uaed. 

Parti.— 

A. Head. — Wood — Tough beech or hickory — Rec- 
tangular in section — Vary in size — Liable to 
split if handle not perfectly fitted — Mortised 
to receive handle. 

R Face. — Rectan^lar — Blow distributed c^er 
greater area tnan in case of hammer — Material 
softer, more yielding than steel of hammer — 
Time of impact greater — Faces taper towards 
elbow « face parallel to surface struck. 

C. Mortise^ — Rectangular in section — Tapers 
towards elbow in length only — width parallel 
— Inside surfaces must be perfectly flat — 
handle fits truly. 

1>, Handle. — Wood — Beech— less need for flexible 
material than in cose of hammer, owing to 
yielding nature of its head— Tapers in width 
to fit wedge-shapetl mortise in head — About 
12 in. long — Prevents head flying oflF by 
centrifugal motion — Thickness inside the 
head is uniform to prevent the head split- 
ting. 
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CHAPTER IX 
Miscellaneous Tools 

Cork Rubbers. — These are rectangular pii3ccs of cork, usually about 
i in. by 3 Ih. by 1 in. They arc used in conjunction with glaaspaper for 
finishing off tlie surface of work. Th*e paper is folded over the fubbp.r and 
* the soft tjoxturo of the cork enables it to bc<l down upon H-he work. Being 
of coi*k, no damage is done to the work should the edge of the rubber come 
in contact with the suyface. For small rounded edges or nosings a flute may 
be formed along the edge of the cork. 
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• CPamps.~-All forms of cramps fsre for holding work together 

temporarily during the process of w^kln/^ti^ material or fixing the parts. 
There are many forms, but the underfying principle in all cases is that of 


tiie screw, i.e. the inclined plane. 

(a) Small Cramp or 0 PattenL—TheHe consist of a strong rib forged or 
oust to the form of three sides of a rectangle. One free end is arranged to 
present a seating for the work, whilst at the other there is a bush which is 
drilled and tapped to receive a screw. The screw is provided with a seating 
which impinges upon the opposite side of the work. 

This seating is not rigidly attached to the screw, 
bu4 the end of the screw can work freely in the 
seating or pad. The form of screw varies accord- 
ing to the size of the cramp 
and nature of the work for 
which it is intended. For 
small cramps and light work 
the V threJwl is adopted and 
the power applied by means 
of a winged or butterfly thumb 
piece (fig. 235). For heavier 
work the screw has a “square 
thread ” and the power is ap- 
plied by means of a lever (fig. 

236).* The size of such cramps 
ranges from 3 to 12 in. 

(b) Bar Cramps.— The un- 
derlying principle of these is 
Biniilar to that of tho foregoing, but in this case, inste^l of having a rigid 
frame, they are fprraed witli a rigid bar. which may iwtengular or of 
T section Tiie screw attachment for tho application of the power is per- 
manently fixed to one end of the bpr. and the screws have a sipiare thread. 
A loose or sHding jaw is provided which can be moved along, the Md. 
held in position by means of a steel pm or by means of a spring pawl wmch 
engagoA with “racking” on the bar. The disUnce botweenHhe jaws can 
thus be regulated" to suit the work in hand. Such crainim are made in all 
sizes from \H ip. to 7 ft., i.e. length o! bar. , , . u 

When in use, the jaws are Ipt to damage the surface of the work, which 
should be protected by means of wooden blocks. If the surface o^ the bar 
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in racked”, ihm alno tendH to dama^ the surface of the work, which should « 
Ixi protected by mentis of thin slips qf.wood. 

Bench Holdfasts. — These are useful for holding work flat on the surface 
of the bench. * 

They consist of a stiff rod, at the top of which an arm projects at right 
angles and carries a forked joint in which a curved arm works on a pivot. 
The curved arm “ lever ” is actuated by means of a screw, and the lower end 

impinges on the work. The 
pad at the base of the arm is 
roughened to enable it to grip 
the work, and care must there- 
fore be taken to protect the 
work by means of an inter- 
mediate piece of wood. The 
main ro<i passes through a hole 
in the surface of the bench and 
is kept in |K)sition by the fric- 
tion between the material of 
the biMich and the rod. Fig. 
237 shows the tool in opera- 
tion. 

Files. — These are instru- 
ments used for abrading the 
surface of the material. They 
are made in a gi*eat variety of 
shaixjs, sizes, and degrees of 
yjjj ^ cut, and are of very hard cast 

steel. 1'he blanks arc first 
forged to sha|>e, and before being hanlcned the " teeth are formed by the 
agency of specially constructed file-cutter’s chisels, ll^e degree of cut will 
dcpimd upon the spacing of such chisel ci\ts and the depth to which the chisel 
^s driven, ,’yhe fii-st series of cuts fonns edges; the second series of cuUyk 
arfAngotl diagimally to the first, causey points to be formed. Whpn the cut^ 
ting is complete the files are hardened. , * 

' Oilstones. — A very essential article in the manual -training room is a 

“goes!” oilstone. (IckkI work cannot* be prrxiuced unless tl^e cutting tools 
are kept in good onlcr and sharp. For the ^sharpening of all “edge” tools 
an oilstone is csstmtial. Many varieties of atone are used for the purpose. 
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* .k 

• 

They should be of fine grain, uniform in texture, and free from hard veins 
ai^l specks. That known as the “J 4 ly White” Washita is ix*rhap.s one of 
tile most suitable for manual-training purpases. Though it does not produce 
^he keenest of cutting edges, still it is a fairly fast-cutting stone and produces 
a satisfactory edge. The (juality of a stone can be approximately tested by 
rubbing the thumb nail on the surface and noting the amount of weai*. Small 
quantities of non-drying oil, such as sweet oil or neat’s-foot oil, should Ih" 
u.sed during the proce.ss of sharjiening. The oil prevents the Unds bt‘eoniing 
heated during the process of rubbing, with consequent loss of temper at the 
cutting edge; it further prevents the {wres of the stone becoming clogged 
wiith the particles of steel removed from tlie tool. Care should be taken to 
prevent the surface of the stone becoming cloggeil with dirt, particularly 
particles of grit, and for this reason it is essential that the stones should be* 
cased. A convenient size of stone is about 0 in. by IJ in. by in. 

When sharpening chisels and plane irons it is not advisable to rub the 
“face” of the tool on the stone; and the hne “wire edge” formed during 
the process of sharpening should be removed by stropping the tool on a 
piece of “ buff leather 

Oilstone Slips. — These are merely thin pieces of oilstone specially shaped 
for sharpening such tools as cannot be sharpened on the flat surface of an 
oilstone, such as gouges, s|X)keshaves, centre bits, carving gouges, and cutting 
irons of bead planes. 

Punohos. — The>je are made from bars of cast steel of small section. They 
are usually^about 4 in. Wng, having one end drawn down to small section — 
[‘itlier round or rectangular — to suit the particular group of nails for which 
they are intended. The end is roughened or ground to afford a gocsl grip on 
the heads of the nails. 

When the surface of a piece of work whicli has been nailed together has 
to be “cleaned off” with a plane, it is essential that the hetwls of all nails be 
Iriven below the surface level. 

When the surface is subjected to continual wear, as in the case of a floor, 

(he nails must be “ punched ” — driven below the surface — otherwi/4e the wood, 
jeing softer than the nails, would weat away and leave the heads exposed in 
ill untfightly, and dangerous manner. 

Again, when the work has to be pairibsl, punching the nails enables the • 
lainter t.o “ stop ” the hole with putt}?* or other form of stopping, and 'thus, 
vhen the work is painted, it ’presents an even surface. 

Rules* — These need no special description. Many and various kinds are < 
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on. the markets Probably the most suitable for manual-trainings purposes is w 
iSie two-foot, twofold, enj^ne -divided steel rule, known as “Rabones No. 104^”. 
'riiis rule has the English flivisions on" one .sifle, whilst on the other will be 
found the metric scale. ^ 

'Phe disadvantages of wtxxlen rules are their thickness and tendency to 
break. 

Screwdrivers. — These are use<I for “driving” screws into, or out of, the 
work. They are made in various forms, but the principles of construction 
are the same in all. There are two principal parts; the handle and blade. 

The handle is shaped to attbi*d a comfortable gnp and the greatest po,Msible 
leverage. Hence the top part is elliptical in section, whilst the lower part, 
near the feiTule, is circular. The ferrules are much thicker than those u.sed 

for chisels. This is essential, because they 
are subjected to circumferential compression 
on the abutments of the slots into which 
blade of the screwdriver Htted. 

By means of the locking arrangement 
rotary force c.Kerted on the handle is trans- 
tnitted to the blade then to the 8ctY3W 
jjjj without the blade working loose or remain- 

ing stationary whilst the handle is turnetl, as 
would happen if the blade were connecttnl to the handle in the manner 
adopted for chisels. 

Two patterns are in common use (fig. 238): ^i) The London patteriij^’*'\' 
(/>) cabinet pattern. 

The Tendon pattt^rn has a flat blade, which cannot be conveniently hekf 
in the manner just describetl. 

The cabinet pattern is spindle-shaped in the centre of the blade. This 
enables it to bo guided by the hand and turned without inconvenience to 
the guiding hand. 

Screwdrivera are made in various sizep and lengths, from 3 to 12 in. being 
^mmon. Cpnvenient sizes for manual training are 7 and 4 iiL The size is 
re^'eseuted by the length of the blade. 
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CHAPTER X 

• ^ 

Notes of a Lesson on the Grindstone and Grinding 

Introdnotion. — You huve all seen a pliwio iron or a chisel sharpcneil. Notice 
the difference ))etween those two chisels, one of which is “ thin ” and the other 
“thick”, and obviously in need of grinding. [Point va sharpening Ijevel of each.] 
How is it that one is so much bixxader than the other? Wnich will occupy most 
time to sharpen? Which will require most effort to sharpen? Which do you sup- 
pose will cut l>est and cleanest, even when thoroughly sharp? [(^ive a deuionstiatiun 
of the cutting power of e^h.] What must be done to the thick chisel in onler to 
make it cut equally well with the thin chisel? 

Cutting Action of Grindstone and Oiletone Compared.- [Point to “grinding 
Ijevel” on each chisel. Call attention to its rough surface compared with smooth 
surface, as le(t from the oilstone.] Do you suppose this rough surface was [produced 
on the oilstone? Suppose we wish to make this chisel thin, will it do to rub it on the 
oilstone thus? [Rub the grinding bevel on the oilstone.] What objection do yo!i 
see to this method? “Slowness of cutting action of the oilstone, and consequent 
time occupied.” Can any boy suggest a method by which this chisel can l>e made 
thin much more quickly than hy rubbing it on the oilstone? “By grinding.” 

Composition and Shape of Grindstone. — [Call class round the grindstone.] 
What material is this? Point to the stone. [Allow class to test the surface with 
their finger nails.] What is the nature of this stone? What i.s this substance? 
[Exhibit “sand ” from the stone.] What kind of stone is this? “Sandstone.” What 
18 the shape of those surfaces — |K)iritiiig to cii-cular sides? What is the shape of the 
solid? “Uylindrical.” 

\ The Axle and Crank. — You have all seen the wheels on a cart. What is the 
bar of iron ^hich joins the’w'heels called? What would you call this piece of metal 
on which the stone revolves? “Axle.” How is the stone turned? “By the handle.” 

'You have called this the handle. Have you seen anything like it on a bicycle? 
What part of the bicycle <lo you call it? “Crank.” What might this particular 
form of handle bo called ? [Ask c 1 >vss for other examples of the use of cmnks. Refer 
to crank on brace, dx:.] • 

Lerarage of Crank.— Could you turn this stone if there WHS only the stnd^ht 
axle? What is the object of this crank formation? Suppose it was found very diffi- 
cult to turn the stone with a very short crank, what could bo done in order to make 
it easy to tu^ri the stone? [Explain mllaning of short and long crank, i.e. crank arm. 
“More leverage.” Refer to handle in iHjnch screw.] What do you db if the «(grew 
is at all ti^t? Why do you pull the handle farther through ? [Explain : “Leverage”.] 
What k obtained in the case of this grindstone by means of this craiik? 

Brake Action Toola Gronno.— We will endeavour to discover why it is* 
necessary to have so much leverage for tinning the ^ndstone. At what part*of the 
stone does the actual grinding t^e place? [Fix toe chisel in grinding attachment 
“ if anv ”, and press it on the stone whilst one of the scbolafs turns the stone,] How 
does the driver of a cart stop the cart when he wishes to? What is this “thing” ' 
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which is pressed on the wheel called? [Refer to brake on a bicycle.] How is it that • 
it is easy to stop the wheel revolving by pressing on the rim? “Great leverage.” > 
What is the chisel acting as whilst it is being pressed on the revolving stone? [Give 
illustration of ease with which it is possible to prevent the scholar from turning the ' 
stone by simply pressing down the “levers” of the grinding attachment.] Wny i# 
it neceasaiy to obtain so much leven^e by means of the crank in order to turn the 
stone ? “ Owing to great resistance olmred to rotation of stone by chisel being pressed 
upon the surface.” 

He 06 Mity for Using Water. — (a) Fndiou ami Hfat . — If you mb your hands to- 
gether very quickly, what do you feel? What happens if any two substances are 
rubbcfl together quickly? What do you suppose will happen if the stone is revolved 
very luiicldy and the chisel held in contact with it? [Kxnlain that if a piece of steel 
is mane hot, and allowed to cool slowly, it becomes soft.] What will happen to the 
chisel if it is made hot in the manner indicated, and allowed to cool slowly ? Wilf it 
remain sharp for any len^h of time once it has become soft? How can this heating 
of the chisel be avoided? What is the object of allowing water to drip on the 
stone? 

(h) Choking of Pores . — [Rub the chisel on the surface of the grindstone before 
wetting the stone Ask scholars what they observe concerning the place where the 
chisel was rubbed. Elicit: “Black and shiny”.] What has ini^e the surface black? 
“Particles of steel.” [Allow boys to feel the blackened surface.] What do you 
notice about this surface? “Smooth.” Will the stone continue to grind “abrade” 
[Explain term “abrade”] — if the surface is allowed to become smooth? How can 
this be prevented? What two reasons have we for keeping the stone wet whilst 
grinding? 

Condition of the Surface of Grindstone. [Call attention to necessity for keep- 
ing the surface of the stone straight from side to side. Allow scholars to see the 
chisel being moved from side to side of the stone as the grinding is in process.] 
What is the object of this ? Can you now explain why this frame in whjch the chisel 
i.s fixed is so loose in the joints? * 

Grinding Anfflot. — [Call attention to the angle which the grinding bevel makes 
with the face of the chisel — “about 25®”; also to angle between sharpening bevel arui 
face — “about 35®”. Educe reason for this difference.] What objection do you sec 
to grinding the chisel as thin as a razor? Would it be strong enough for cutting 
wood? Would the chisels which are used for cutting wood be strong enough for 
cutting metal? Why are these particular angles adopted? [Explain that experience 
has led to the adoption of those particular angles, it naving Men found that they are 
most suitable for working in wood. The angle varies in cutting instruments acconling 
to the nature of the material to be cut. Exfiibit various samples of cutting tools it ' 
po^{^le.] '* 

^he plumber blocks, trougn, ioot-dn\'9ng attncnnient, u any, could fce nyide the 
subject oj subs^uent lessons. J « 
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BLACKBOARD NOTES < 4 ^- 


Necessary to ^*nd chisels and plane irons after 
•they have fieen snarpened several times. 

Orinditone. — Composed of particles of siind naturally 
cemented together = Sandstone. 

Surface rough — ahrade.s steel more (piickly 
than the “finer grit ’of oilstone. 

Handle. — A form of crank — Gives greater leverage. 

Water. — (o) Keeps chisel cool prevents clii.sel 1)0- 
• coming soft — preserves cutting powei*. 

(b) KeeM stone clean — washes away fine 
particles of steel. 

Angles for Orinding. —About 2r) . 

V'aries in other cutting tools, accohling to 
material to l>e cut. 



Fig. 239.-M.B. .Sketch 


CHAPTER xr 

Blackboard Notes on Various I'ools 

. lilNCERS 

Boinition. — Instruments used cliicMy for extracting nails 
which have become bent in driving, an<l for obuining 
a firm grip on small articles. 

Conitmotion. — Compose<l of two arms, “ levers ", A, B, work- 
ing on a rivet, “Fulcrum", sufficiently loose to admit of 
movement. 

Parts. — A, B. Arms or “ Levers ".—Steel -Forged to shape — 
jf ‘ Jlnishod by filing and griiRling. 

C. “Fulcrum ".—Connect arms. 

^ JawM. — Hardened steel — Fairly sharp— Grip nails. 

K Spacf . — Accommodate hea<l of nails, Ac. 

^Vafc.-»-Wedge- shaped and forked — for levering 
' boftrds, lifting tacl^ Ac. 

f 

(See Part I, Chapter XI, forfnochanical princijilcs involwod 

in constniction and when using same.) 
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Fig. 240 shows the various parts; fig. 241, method of using. 
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COUNTERSINKS 

Explain the term '* countersink'*. Call attention to necessity for same, 
to enable heads of screws to bed into wood, iron or brass. 

A. Wood Countersink or 

Snailhom Bit (for Wood ). 

— Form of cone — Fluted 
— One simple cutting 
edge presented to the 
• wood. 

B. Flat Conntersink (for 

Iron). — Scraping action 
— Two edges presented 
to metal. Note angle 
of clearance”. 

C. Rose-headed Conntersiiik 

(for Brass). — Conical in 
foiin — Many cutters — 

Scraping action — Cutting uniformly distributed. (Fig. 244.) 


ler 
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TURNSCntEW 

• • 

n. Simple. — In form of ordinary screwdriver — Used 
with brace- -continuous rotary motion — Oreater 
leverage. 

E. Forked Bit — Slot in centre — Used for tighten- 
ing nut* on saw bolts. ^(Fig. 245.) 


Pig. S4«. 


SIMPLE FORMS OF BRACE BITS 

A. Spoon Bit— For ordinary boring. 

B. Shell Bit— For ordinary boring. 

C. Hose Bit-r:;Dowelling and end-grain boring. 

I). Swiss Bit — Ordinary use — f)raw8 and clears better than previous bits. ' * 

E. Anger Bit— Bores cleaner holes— Acts to greater depth— Size ^hole muehCl * 
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truer — Removes core owing to spiral twist — Screw point enables them to draw 
with ease — SuiUiblo for larger holes — Size, J to 1 in., sometimes huijer, (Fig. 246.) 



Notk. — W hen giving a lesson on those, lead the scholars to compare ami contrast, 
and note the action of each as the lesson proceeds. 


CENTRE BITS 

Definition. — Instruments used in conjunction with the brace for )>oring holes — Size 
varies, J to 2 in. ]>y sixteenths. ^ 

Conetr notion. —Forge<] to shajM? fi-om eVst steel- Filed, ground, 
hardened, and tempero<l. (Straw colour = best.) 

Parte. - (Fig. 247.) — 

The Enlargement near top to fit recess in jaws of 

brace. 

Blade , — Drawn out to suit .size of'\)it. 

Cenhe An,— Triangular in section— Controls motion of bit — 
placed at centre of hole. 

1'fttmil Cuts fihris at circumference of hole. 

liorizontal Cuttrr or Lip . — liemovos core — Shavings in spiral 
form. ^ ^ 

iCethod of Sharpening.— File<l with smooth filo,*firii8lTe<l with oil- 
stone slip. The vortical cutter should Iw slightly curved, to 
enable it to glide over the fibres. , 
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INTRODUCTION 


This section contains a sysUanatic coui*Ne of exercises (lestinefl to proviHc 
ample practice in tool manipulation, and atford opportunity for fhe intro- 
duction of the many lessons wliich help to make manual ti‘aininj;( a factor 
in education. 

* The method of sharpening tools and keeping them in order is very 
important, because, if satisfactory work is to be executed, it is essential that 
they be kept in good condition, and the sooner students learn to perfoiin for 
themselves the various oj^erations involved, the better it is for teacher and 
scholar. 

As far as possible the tool processes have t)een arrangeil in progressive 
sequence. The examples in the preceding section are taken from tlie various 
exercises in the present section. 

The great difficulty which presented itself was that of selecting suitable 
exercises from the great variety which woodworking affords. It will bti 
seen that in most cases the exercises represent complete articles having 
some distinct value. Joint-making and exercises introduced for the mere 


pui-pose of •imparting a knowle^lge of tool manipulation find no part in such 
* a course. Experience has shown that children delight in making some article 



they know to have a definite use, and which use readily appeals to 
It is this fat^t which the teacher should seize upon and use as a means 


of securing the greatest interest, zeal, and attention of his scholars. 

Many of the models are extremely simple in character. This, upon reflec- 
tion, is a merit rather than a demerit, for to be truly successful manual - 
training exercises must be such that each scholar can complete rfny given 
oi|» without direct aid from the teacher. This can be accon>plished when 
tfiS^arly >xercise8 are simple in character and lead gradually by simple steps 


to the raon'. ’difficult operations. 

ft is ofiten urged that teachers shcvild not be bound by any hard-aad-fast 
eourse of work*, and with this^ill who have experience of the work will agree. 
\^et alt must have some course which shall form the backbone of tlje system, 
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and aa cxpt'rionce ia gained aucli ayatom will be li^arged upou,pr uiodiiled 
to suit any apeeial recjuireinents. ^ i 

Tlie toacher who atarta out with no ayateiii, no method, niay'lol time 
appear to auceeed, but a<K>ner or later will come to a atandatill. There will 
lai no continuity of progreaa, and there ia uaually overlapping in the ai^auge- 
ment of the work. 

It ia alao often urged that the acholara ahould carry out all aorta of ojxu-a- 
tiona in the way of making and re|)airing articlea of furniture and appliancea 
for <lemonatrating exjMuimtaita in the aelioolroom, auch work being regai-ded 
in the senae of “correlation”. Againat auch metho<l8 a strong protest ahould 
Ik) uttered. The work of the manual-training claaa ahould no more be inter- 
fered with than the tirithmetic leaaons or geography leaaona in the classroom. 
The manual-training teacluM* must assume full control and allow no intrusion. 
The making of simple apparatus can be conaiderod only wlien the article 
desired can Ih^ converted into an tixercise for the cla.ss. ’I'here ia usually 
either much that is too simple or much that ia too difficult in auch re(iuire- 
menta, with the result that tin* scholars are wasting time, or the teacher ia 
wasting his time in carrying out those exercises which are l^eyond the 
capacity of the scholar. Tlui introduction of such work tends to disorganize 
the work of the class, and the gain in one direction does not comj>enaate for 
the loss in other directions. This is no idle expression of opinion. It ia a 
statement of fact l>ased on e.xjauitmce. 

This section has iHicn arranged in three groujw, ,r(‘proHenting presumably 
three yeai*s' w'ork, but this must not Ix) Uken hnj litmally. 

The amount of time allotted to the work is a very im|)ortant factor. Un- 
fortunately one hears on all sides that llu^ curriculum is overloaded, and 
cons4Mjuently the time given to this subjtct is reduced to an unsatisfactory 
minimum. For scholars to reap the greatest Ixjuetit from such a subject it 
is eH.Ht*ntial that the minimum time l>e three houns per week. 

When* sjM'aking of manual training it vnust bo remembered that the term 
OfHiiprivSes more than one subject. Drawing plays a veiy important paid in 
th«< course, and dt>mands the <!XjHmdibjre of a con.siderable fnictkm of the 
time. l)enir>ns(ratu>ns given by tlui teacher have a more ftir-reir-ching effect 
'than i^ commonly HttribuhMl Uj them. It is hpi*e that the scholars have their 
jMuver «)f ol)Rervation «leveloped. The scholars^ have to observo their teacher 
at work, and note his every action. It is the teacher’s miiona that must be 
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^ observed, Lhe words he u^rs during such demonstrations should bo of secon- 
dary coiiipseration; in fact, a good demonstration should requii-e but few or 
no words, * Such silent teaching takes considerable time, and it must be borne 
an mind that it is the teacher who is working, not the scholars, during such 
demonstrations. 

A further demand is made upon the time devoted to the subject for the 
purpose of object lessons upon tools and timber, all of which are important 
as factors in the further development of the child's power of observation, and 
serving as a lesson on oral composition. All things considered, little time is 
loft which the scholars can actually devote to “production". It is this fact 
w*hich tends, more than anything else, to lead the uninitiated to condenm 
manual training. There is a tendency to measure the value of the subject 
by the amount of production^ not by the amount of training which the 
scholars have i-eceived. Superficial show is all that some people expect of 
manual training. The true teacher will not take this view, but, having a 
certain amount of time allotted to his subject, will seek to subdivide that 
time in such a manner that the scholars receive the greatest good for a 
minimum expenditure of time. He will conscientiously leave production to 
take care of itself. 

Having considered these points, it is clear that unless some unworthy 
sacrifice is to be made, no attempt should be made to define the actual amount 
of production which must take place in any class. A good teacher will aim 
at accomplishing a certaki task in a given time, and if he be a “good teacher" 
and knows his class, he will not go far wrong in framing his estimates. 
Scholars should therefore be allowed to work steadily through the exercises 
as arranged, except for those modifications which the teacher may deem 
necessary from time to tira^. Particularly is this important for the first two 
groups. In the third group scholars might be allowed to make selections, 
subject to the approval of the teacher. 

It will be seen that with every exercise a list of the tools and material 
required is given. This, and the method of dealing with sucb 4 *is important. 
The whefers must not be “told" wliat tools and material will be required. 
They must bo trained to analyse each piece of work and discover the various 
processes involved, and thus determye the various tools required tr^ carry 
out each operation. They myst be trained to discover from their drawings 
the quantity of material required for each part of the work. Tlys method 

(CM6) 17 
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occupies^ time than the “iiiare telling”; but again the fact should *be 
ctiiphaafzed that the child is to be trained to think and to reasont therefore 
it is time well spent. • 

The demonstrations are suggestive only. Each teacher must decide for 
himself what it is necessary to demonstrate, when such demonstrations are 
necessary, and how much he will demonstrate in any one lesson. This will 
largely depend upon the ability and mental capacity of the scholars. Tliere 
is usually a tendency with young inexperienced teachers to overload the early 
demonstrations, and to express surprise that the children have not grasped all 
the details. How often one hoars the expression, “ That is not how I showed 
you to do it What is the cause of this ? Usually over-demonstration. • 

Remember that the acquirement and assimilation of knowledge is a slow 
process. Make your demonstrations short; let them be definite; use as few 
words as possible; repeat your demonstrations only where your actions have 
been misunderstood. 

Another common mistake is that of demonstrating operations which are 
familiar to the pupils. This should be avoided. It is frequently the case 
that teachers will demonstrate planing with almost every model. What 
waste of time! Demonstrate only those processes which are not understood. 

The method of treating the lessons on tools, timber, and miscellaneous 
material is fully discussed. 

In most cases a few simple problems liavo been include<l after each 
exercise. 

t * 

In conclusion, all teachers of manual training should W!t themselves a very 
high standard. A high aim and conscientious work will carry conviction. 
Actions will speak louder than words. 
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EXERCISE I 

MARKING OUT. SAWING, AND CHISELLING 

EX6I*elies Involved. — Marking out Sawing. Gauging and chiselling: 
(a) at right angles to the grain; (b) oblique to the grain. 

Instruetions.— 

Drawing. — Prepare a plan and side elevation. 

Write out a list of the tools and material required. 

Note. — It cannot be assumed that the scholars know the names of any of 
the tools that will be required for this exercise. It will therefore be necessary 
for the teacher to state the names of such tools and write them on the black* 
board. In subsequent le^ssons the scholars should be trained to think out the 
various s^ges in the execution of any given exercise and the tools that will be 
iiecessaiy to carry out each stage, the teacher supplying the name of any new 
tool that will be required. 

The list of tools should, as far as possible, be arranged in the order in 
which they will be used in the execution of the work. 

Tools Required. — Rul^. Pencil. Marking knife. Try square. Marking 
gauge. Tenon saw. Firmer chisel. 

Mflterlal Required. — Red pine, clear pine, or poplar. All are suitable for 
this exercise. * 

Note. — As it is not intended to teach planing in this exercise, each i^hcjlar 
should 'He supplied with a piece of wood planed true to width and thickness, 
the length *bein(f slightly in excess of the tinished model. 

B6nchwork.-~STAoK.s.— • 

1. Select and mark the f^ce side and face edge. « 

2. Mark off length and draw the stjuare lines across the surfacdf 
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* 3. Set out the |-in. diviaions, uaing the4(yibing knife for the first half and 
the pencil for the remaining portion. 

4. Draw square line across the surface, using the scribing knife and pencil 
as in 3. 

^ 6. Draw oblique line acrass the right half of the model, as shown in 

drawing. 

6. Gauge the depth of the grooves. 

7. Saw the sides of the grooves. 

8. Remove waste from grooves with chisel. 

9. Test all dimensions with the rule, also compare the finished model with 
the drawing. 

Demonstrations.— 

1. Selecting and marking face side and face edge. 

2. Marking off dimensions. 

3. Using the try square. 

(a) For drawing lines at right angles to a face of the material. 

(b) For drawing lines oblique to a face of the material. 

4. Setting and using the marking gauge. 

5. Securing the work for the purpose of sawing. 

6. Holding and using the tenon saw. 

Note. — Particular attention should be paid to the general arrangement of 
the work in the vice. 

7. Fixing the worlc in the vice for the purpose of removing the waste 
from the grooves. 

8. Holding the chisel and removing the waste from grooves which are at 
right angles to the side of the material. 

9. Holding the chisel aftd removing the waste from the grooves which are 
oblique to the sides of the material. 

10. Testing the dimensions, flatness of grooves, and comparing the finishes! 

work with the drawing. • 

Remarks on Tools.— It will be quite suflicient, for this lesebn, to nai^e the 
tools usdQ and draw attention to the correct method of holding each. 

Remarks on Timber. — Tell the scholars the name of the wood that is 
being used for the exercise, and instruct them to observe such points as — 
(a) colour; (6) peculiar maikings; (c) nature of the wood as disclosed by 
sawing and chiselling. 
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EXCISE II 
PIANINO 

Exercises Involved. — Marking cnit on plank. Long sawing. Facf 
planing. Edge planing. Gauging to undth. Planing to tvidth. Gang- 
ing to thickness. Planing to thickness. Marking out. GhiseUvng verti- 
cally. Chiselling obliquely, i.e. chamfering aci*osa the g'cain. Boring. 
Sawing acroea the grain. 

Instruotions. — Drawing. — Prepare a plan and side elevation of each 
portion. Write ont a list of the tools and material required. 

Tools Required. — Ruler. Pencil. Straightedge. Panel saw. Jewk plane. 
Try square. Gauge. Marking knife. Tenon saw. Firmer chisel. Brace. 
J-in. centre hit. 

Material Required. — One piece of clear pine, poplar, or red pme 13 in. 
by 2 in. by 1 in. 

Benohwork.— Stages.— 

1. Mark out plank. 

2. Saw out material. 

3. Plane a face side. 

4. Plane a face edge. 

5. Gauge the wood to width. 

6. Plane the wood to width. 

7. Gauge the wood to thickness. 

8. Plane the wood to thickness. 

9. Mark out as shown in drawing. 

Note. — Use a pencil for the chamfer lines. Ma);k the centres of the holes; 
do not draw the circles. 

10. Saw off the waste at each end. 

11. Verticidly chisel corners at right end* of model. 

12. Make cKamfei*s at left end of mofiel. 

13. Bore the holes. 

. 14. Saw the model into the two component parts. 

15. Chamfer the ends of each as in Stages 11 and 12. 

16, Test all dimensions and compare the finished work with the draw^ 

' ling ‘ 
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Demonstrations.— 

1. Marking out a7ui salving the plank. 

2. Planing in the following stages: — 

(a) Face side. (6) Face edge. 

(c) Gauging to width. (d) Planing off the waste. 

(e) Qa'uging to thickness. (f) Planing off the waste ^ 

3. Marking out work from drawing. 

4. Sawing olf the waate. 

Note. — Ask simple questions concerning the method of holding and using 
the saw. 

5. Chiselling vertically. 

6. Chamfering — ChisMing obliquely. 

7. Using the brace and centre bit. 

8. Testing the finished work. 

Remarks on Tools. — Question concerning the names of the tools used in 
the first model; the methods of holding them; names of chief parts As- 

Try Square. — Stock — black colour. 

Blade — made of steel. 

Other metal — brass. 

Qauoe. — Stem — long piece. 

Stock — large piece. 

Spur — part for making the mark. 

Chisel. — Handle — ^blade. 

Metals used — steel and brasa 
Tenon Saw. — Handle — blade. ^ 

Metals used — steel and brass. 

The new tools used will have been named during the demonstration. 

V 

Remarks on limber. — Compare with wood used for Exercise I. Simple 
questions concerning the colour and nature of the wood. What is the colour 
of the wood? d)oe8 the wood plane easily? Could you chisel the wood 
rasily ? Is it hard or soft to the touch? Is the gauge made *of the same kind 
of wodd? Is the stock of the try square made of the same kind of wood? Is 
any part of the beneh^made of the same kind^of wood? Can you see any 
* ^ articles in the room which are made of the same kind of wood? 
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EXERCISE III 
KEY OH LUGGAGE LABELS 

* Exercises Involved: — Marking out plank. Long aandng — thin material. 
Chiselling vertically: (a) a straight .surface; (6) a curved surface. Chiselling 
obliquAy. Boring. End-grain •planing. 

Instructions. — Prepare a plan and side elevation of each portion. 

Call attention to the method of constructing tlie octagonal end of the 
luggage label, also the Gothic curve which is based on the equilateral 
tr^ngle. 

Tools Required. — Ruler. Pencil. Straightedge. Panel saw. Jack plane. 
Try square. Gauge. Marking knife. Con^passes. Tenon saw. Chisel. 
Brace. }-in. centre bit Shooting hoard. Smoothing plane. 

Material Required. — One piece of clear pine or poplar, 12 in. by 2} in. 
by i ia 

Benchwork.— Stages.— 

1. Mark and saw out material. 

2. Plane material to required dimensions. 

3. Mark out work as shown in drawing. 

4. Saw off waste at each end. 

6. Obliquely chisel end of first label. 

6. Vertically chisel curved end of the second label. 

7. Sepatate the parts, sawing a short distance from the line to allow for 
“shooting” the enda 

8. Plane the ends on the shooting board, i.e. “shoot the ends”. 

9. Vertically chisel the comers. 

10. Bore the holea * 

11. Clean the surfaces with the smoothing plane. 

12. Test all dimensions and compare the finished w ork with the drawing 

Demonstrations.— * ^ , 

1. Marking out the plank, sawing out the material and planing to 

dimension. ^ 

» * 

Note. — Question the scholars, as the work proceeds, concemiag the 
various stages, to be executec^ as detailed in the previous lesson. 

2. Marking out work from the drawing. 



<v// Z^h/J/f/i^j. (^ 4<-^)H zZ r^i'ifi /nn/lrm^' ('1 ('f(i*lf'/i iint^ 

i 1/ {/ f ( t f '^i .■ tjj Ittn/Ujii. i i I ff<'<f ( { Zi / f / /( yi(j ( t* / u/ i /i / I't 4 /_J — 

6 /.'./ ,^iit4fi fZ)C>(fi^. 


13 [.; 


/ ♦ / 

O i< 1^4 ((i'n 


O /< .'TlZfC 


"31 '• ■■ 

■ T 




*.: /o ' 

ej c. / <> »> 

n 


r) ■•> I 2 j O, “• 


rii i ^ c C C 


Z) oo f ^ /f </ ill /■< t 4 


tZmZ^ /< 4 Ji 


Fig. 2M> 




COURSE I t 261 

• 8. Sawing off the waste and ohliqtiely chimlUng ons end. 

4. Vertically chiselling curved end. 

Note. — Work from base of curve towards the apex. See remarks in 
PArt II, Chapter VI, on the “wedge action” of the chisel when performing 
chiselling of this kind. 

5. Boring the holea 

Question the aoholara concerning the various points dealt with wlien 
giving similar lesson in previous m(^e). 

6. 8epa/r<Uing the parts, allowing for ''shoot in g'" of ends. 

J'. Vertically chiselling corners. 

8. End-grain “shooting”. 

9. Using smoothing plane to clean surfaces. 

10. Testing the finished work. 

EXERCISE IV 
A KEYBOARD 

Exeroises Involved. — Marking out on plank. Ixtng sawing at vice. 
Planing to dimensions. Geometrical marking out of ends. Sawing with tenon 
saw. Vertical chiselling. Chamfering with chisel across the grain. Cham- 
fei'ing with chisel obligue to grain. Chamfering with jack plane. Boiling 
with bradawl. Use of smoothing plane. Nail driving to special angle. 

ItlStmotlbns. — Drawing. — Prepare a plan and elevation as sliown. Call 
attention to special shape of the ends and the method of constructing the 
octagon, which should be carried out as follows: — 

(a) l^w the squares at each end. 

(b) Draw diagonals of squares. 

(c) Draw the quadrants, using the comers of the square as centres, and 
having the compasses set to half the length of the diagonal for radjus. 

Note. — There is a common tendency among scholats to trc«t this con- 
structiqn . somewhat carelessly. The (rurves (quadrants) shoulcjjust toisch* 
bock to' back*, in tjie centre. 

Draw attention to projection of inclined intei*8ection of chamfers. Treat, 
their extremities as poinU, and deal Vlth these as described in the chapter 
on “Projection”. * • 

Question concerning the tools and material necessary, and fill in Use lists. 
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• Tools R6<fi|p0d» — Ruler. Pencil. PaneliLiw. Jack plane. Try aquare. 

Gagge. Marking knife. Compass. Tenon saw. Finner chisel. Brace and 
j-in. centre Wt. Fine hmdawL Smoothing plane. Hammer, 

^ Material Required. — One piece of clear pine or poplar, 13 in. by 2J in. by 
1 in.; six IJ-in. brass escutcheon pins, or six 1- or f-in. brass 8<juare-8houldered 
hooks. 

Benehwork.— STAtJEs.— 

1 . Mark and saw out material. 

2. Plane material to required dimensions. 

Mark off length and set out ends and centres for holes and nails. 

4. Cut off waste and vertically chisel comers. 

5. Chamfer (a) ends, (6) oblique comers, (c) long edges. (Use jack plane.) 

6. Boro the holes, and with bradawl prick holes for nails or hooks. 

7. Clean off surfaces with smoothing plane, and drive in nails or insert 
hooka 

8. Test finished work and compare with drawing. 

Demonstrations.— 

1. Marking out and sawing 
plank. 

2. Planing to dimensiona Ques- 
tion concerning stages to be gone 
through wh^n planing. , 

3. Marking out work from 
drawing. 

'Note. — I n order to use the 
compass for constructing the octa- 
gons at the ends it will be neces- 
sary to place an odd piece of wood 
against the side of the exercise, in ^ 
order that the point of the compass 
may rqst qp the joint, as shown at 
a and h in aqpomfmnying fig. 252. 

4. Sawing off waste and vertically chiselling corners. • 

Note. — It will be sufficient to saw one end and c^jisel one corner. The 
remaining comers can be executed whilst the pupils proceed with tl^ir work. 
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for demonstrations to weaker bo}^ who have not • 
mastered the detail during the main demonstration. 

f 

5. Metliod of marking out chamfers. 

Note. — It will be necessary to make a thumb gauge for the purpow. 
This consists of a small piece of wood 3 or 4* in. long and about ^ in. square, 
having notches at each end which are respectively j and ^ iiu long. (See 
chapter on "Gauging” for details concerning method of making and using.) 
It is at times convenient to use an ordinary gauge for the purpose. This can 
be accomplished by moving the stock to the back end of the stem, the stem 
being allowed to protrude a distance equal to the distance the required ^line 
is to bo on the surface from the edge of the material, and using a pencil, as in 
the case of a specially constructed thumb gauge. 

6. Chamfering in separate stages: (a) The ends, (b) the oblique chamfers, 
(o) the chamfers along the edge. 

7. Boring the holes. Pricking the holes for the naila Cleaning the sur- 
faces with the smoothing plane. Driving the nails. Testing finished work. 

Remarks on Tools. — Carry the questioning concerning tools used a stage 
further. Introduce other simple details. Mention parts of hammer. 

Umber. — Question concerning details of the material used. 

Nalls. — Special metal of which composed. Particular colour. Advantage 
of using brass (does not rust). ^ 


or they can be uti 


EXERCISE V 
A ROUND RULER 

Exercises InTOlved. — Marking out on plank. Long sawing. Planihgplb 
dimension. Cutting to length. Qeometrioal marking o\U on end grain. 
Chamfering with plane, i.e. planing to priernatic form. Planing to cylin^ 
ilrical form. Filing a curved eur/ace. Olasapapering. ^ 

Instruo^ns. — Dkawikq. — Prepare a drawing showing the three stages 
*thiough which the work passes, together with sections or end ^levations. 

It will be noticed that the sections of the rectangular prism ^An||bcftagonal 
.prism are slightly larger than the diameter of the cylinder. T)||s a^ws for 
the p'laning, filing, and glasspapering of the cylinder. ^ 

Note. — When drawing an object the length of which is mudh greater than 
its sectional area, and provided it is parallel amj^of uniform structure thrpug^- 
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out itft lengthy it is not necessary to show the complete length; but the middle . 
portion is assumed to be broken out and the two ends drawn close together 
to a large scale, as shown in the accompanying figure (fig. 253). * 

Question concerning the tools and material necessary to execute the work^ 
and fill in the lists. 

Tools Required. — Ruler. Pencil Panel saw. Jack plane. Tiy square. 
Gauge. Marking knife. Tenon saw. Compass. Smoothing plane. Half- 
round file. GUmpa/per. 

Material Requir^. — One piece of clear pine, poplar, or red deal, 13 in. by 
1} in. by 1| in. 

Benohwork.— Stages.— 

1. Mark out plank and saw out material. 

2. Plane material (a) face side; (5) face edge; (c) gauge to width; (d) plane 
off the waste; (e) gauge to thickness; (/) plane off the waste. 

Note. — The exercise should be carried out in the stages indicated, each 
scholar submitting his work for approval as each stage is executed. 

3. Mark off length and saw off waste. 

4. Mark out ends, i.e. draw diagonals and circles, as in section of cylinder. 

5. Mark chamfer lines on all surfaces. 

Note. — For this pur- 
pose it is necessary to 
make a " thumb gauge 
which can be executed in 
the following manner: Pre- 
pare a small piece of wood 
about 4 in. long, { in. wide, 
and ( in. thick (ff' x I'" 

X these dimensions 

are not important, and need 
not be adhered to. Jfokt 
apply the piece to 

, of the model, as sbdW in ^ 

accompanying figure (254). The end A is placed to the centre of the piece 
.and a mark made at B, so that the distance AB is equal io half the len||th 
of the diagonal (a). The piece A B is then sawn out, and the top chamfered 
as shown (5). This enables the chamfer lined to be drawn^l^ th^ surfaces 
. of the rettangular prism. The gauge is held in the left handed the pencil^ 
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^ applied by th^ right hand, gauge and pencjjl being gradually drawn towards 
. t}\e operator. (See chapter on *' Gauges and Gauging ”.) 

6. Maki chamfers, i.& convert the rectangular prism into an octagonal one. 
• 7. Hane to cylindrical form. 

Note. — This should be carried out by systematically doubling the number 
of faces to the prism, as 8, 16, 32, 64, 128, 256, and in such a way that all 
faces are of uniform width. It will readily be seen that, as the number of 
faces is increased, they must of necessity become much narrower, until 
“theoretically** they become so numerous as to have no width; that is, they 
form a cylindrical surface. It is essential that the circles on the ends are 
carefully watched and the lines worked to. 


8. File and Olaaspaper . — It is not possible to produce with a plane having 
a flat face a perfect cylindrical surface. The file and glasspaper are there- 
fore introduced in order to remove any remaining edges. 

As the work proceeds the scholars should test their work by revolving it 
in the hand, the tips of the fingers being allowed to just touch the surface of 
the work. Any irregularities are in this way quickly detected, the sense of 
touch in such cases being keener than the sense of sight 

The filing is executed in the following manner: One end of the model rests 
on the bench, whilst the other is held lightly between the thumb and finger 
of the left hand. The file is held in the right hand, and a dual motion im- 
parted to it — i.e. forward in direction of axis of file, and downwards along 
the model. The model is at the same time rotated by the left hand. These 
two motions combine to produce the true cylindrical surface. 
Demonstrations.— 


1. Marking out plank, sawing, and planing. 

2. Marking out work and sawing off waste. 

3. Marking ends and chJdmfeHng io octagonal form. 

4 . Planing to cylindrical form. 

Filing and glasspapering. 

■ Mi n ting the finished work. * 

^wKwns.— Deal with special form of Solids: (a) regular, (5) irregular. • 
trregldar solids have no special sfiape, as a lump of stone,* &c. 

^ Regular sdiis (a) have a special shape; 

/ (5) named after their shape and arrangement of stAfaces. 

The gphe r dj ^ A ball. All points on surface equidistant from a given point 
iiwithin, culedrdro “centre”. • 

'icsii) 
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Prisms. — Solids the faces of which are pamUelo^amB and the ends • 
ijfjual and parallel %ures. 

(a) Right prism — ends at right angles to axis. 

{b) Oblique prisms — ends parallel but inclined to axis. • 

Prisms named after the shape of their ends, as: s(|uare, rectangular, 
triangular, pentagonal, hexagonal, octagonal, kt. 

Cylinder. — An elongated, round, solid body of uniform diameter through- 
out its length, and terminating in two flat circular surfaces which are equal 
and parallel. 

Pyramids. — Contrast with prisms. A solid whoso base is a rectilineal 
figure, and whose sides are triangular and meet in a point * 

(а) Right pyramid — axis at right angles to base. 

(б) Oblique pyramid — axis is inclined to base. 

(o) Named after shape of base, as: triangular, s(]uare, rectangular, penta- 
gonal, hexagonal, octagonal, &c. 

Ths Cone. — A srdid having a circular base and tapering to a {X)int 

{a) Right cone — axis at right angles to the base. 

(6) Oblique cone — axis inclined to the base. 

Note. — These |)oints should be dealt with during the drawing lessons 
and reviewed in subsequent lessons. 

Remarks on Tools. — Question during demonstrations concerning methods 
of holding the various tools and the names of various parts. 

The File. — Call attention Ui iiiauiicr in which teeth are formed. Explain 
abrading action of flies. 

OlassiMlper. — Call attention to general structure. Necessity for al|;t 
particles to be of uniform siso. Deiuonstrate effect of having just ons^ 
fxirticle of glass larger than remainder, i.e. a scratch wherever it comes in** 
contact with the work. 

Timber. — Review coin{)arison between clear pine, red pine, and poplar. ^ 
Take small waste pieces of each, and, splitting each, demonstrate straightoesS ' 
of grain. Exhibit planks and call attention to freedom from knots, 
end grain and call attention to markings, i.e. annual rings. Compare, speci- 
mens for visibility of annual rings. Take specimens of fquaV voluriifi^aiid 
.compare weights — approximate test Later, the specimen should be teste^^un 
balanre. Demonstrate approximate of relative baldness by 
form blows with a hammer on specimen pieced of each. PoMW B te S ^ ^ 
on map whence supplies are obtained. ■* 
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EXERCISE VI 
AN EGOSTAND 

BZ6F0l868 lllTOlved. — Marking out and sawing from plank. Planing 
broad aurfotces. Planing to dimensions. Marking out Boring laige holes. 
Sawing long c\U$ with tenon saw. Planing to »efmi-cylind/rical form in 
direction of grain and acroee the grain. Oblique stopped diiaetling. 
Chamfering with the chisel across the grain. Nailing together of various 
paHs. , 

InitruCtlons*— ‘Allow the scholars to examine the teaching model and 
measure its various parts, and from the data so obtained prepare a plan, side 

elevation, and end elevation. It will 
' be seen that the end elevation is 
necessary in order to show the true 
shape of the bearer. 

Note. — In order to draw the semi- 
circular ends in the elevations, pro- 
ceed as shown in accompanying sketch 
(fig. 256) by making AB equal to AD, 
i.e. the thickness of the top. At B 

erect a perpendicular BC, thus com- 

vif.M pleting the square ABCD. Draw the 

diagonals, and through the centre o 
draw E F perpendicular to A B. With Q as centre and radius O E draw Hie 
semicircle EHF. 

Note. — Unless carefully watched scholars a/re apt to he careless in the 
execution of this portion of the work. 

Question the class concerning the processes involved in the making of 
the model, the tools required, and material that would prove serviceable, and 
complete th^ list of tools and material. 

•Tools Required. — Ruler. Pencil , Panel saw. Jack plane. • I'ry ^uare. 
Gauge. Marking knife. Tenon saw. Brace and IJ-in. centre bit {- br 1-in. 
6rmer chisel. Bradawl. Smoothing plane. Glasspaper. kammer. 

Hkterial Required. — One piece of clear pine, poplar, or satin walnut, 
13 in. by 5) in. by b in.; one piece of cleai*^ pine, poplar, or satin walnut, 
11 in. by 2 in. by f in.; six 1-in. brass escutcheon pins. 
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Benchwork.— Stages.— # 

* 1. Mark out plank and saw out material. 

2. Plan6 material to dimensions. 

• Note. — See that each stage is carefully performed in its right order, as 
previously detailed. 

3. Mark off length of top, and set out the centres of the holes, i.e. it is 
not necessary to draw the circles; the centre bit will make its own circles. 
Mark out borers; they should not be separated until the notches on the 
under sides have been chiselled. 

4. Saw off the waste at the ends of the top piece, sawing to the line, and 
proceed to round the edges in the following manner. 

Make a thumb gauge having a notch Vk in. long, and mark pencil lines 
round both surfaces and along the middle of the edges and ends. These lines 
on the faces show where the rounding ceases and the line on the edge in- 
dicates the crown of the curve. Having made these marks, proceed to round 
the ends 6rst. This is done with the smoothing plane, the plane being held 
obliquely after the manner in which the chisel was held for chamfering across 
the grain. Having completed the ends, proceed to round the long efdges^ using 
the jack plane or smoothing plane as in the case of the round ruler. 

5. Bore the holes in the top. 

6. Chisel the notches on under side of bearers. 

(See note on this in Chapter on " Chiselling Processes ”.) 

7. Cut bearers to length and chamfer the ends. 

8. Clean off surfaces with smoothing plane, and glasspaper the curved 
enUgss and ends of the top piece. 

9. Mark on the under surface of the top the position of the bearers. Bore 
the nail holes. Nail top to bearers. 

10. Compare finished work with the drawing. 

Demonstrations.— 

1. Marking out the plank, sawing, and planing. The extra difficulty of 

• planing a broad surface should be carefully explained. ^ 

2. Marking out of top and bearers. ^ * 

3. Bawin^ off waste and method of guiding the tenon saw* across a broad 

surface. ’ ^ » 

Note. — Theye is a tendency amon^ scholars, when making long cuts with 
the tenon saw, to rest all th^ teeth of the saw upom the wood at starting, 
with the result that when the saw is pushed forward it slips awa^ from the * 
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lino, ihtiH producing a ragged cu^, and damage to the Bunace ot the exerciae. • 
Tli<* principle of starting with the tip of the saw at the far end of the lipe, 
and gra<]ually lowering the bla<]e at each BUccesBive stroke, the blade being 
gnidiMl to the line by ineanK of the left thumb, should be rigidly adhered t^. 

'I’ll is exercise correctly performed develops the confidence of the pupil. 

4. Marking and rounding of ends and edges. 

Draw attention to the ease with which the corners are split when 
planing the ends, if the axis of the plane be held in line with the edge of 
the model. Refer to similar action when chamfering the end of the fii*st 
portion of Exercise II. 

5. Boring holes. • 

Note. — Demonstration is not really necessary, but the lesson afibrds an 

opportunity of ({uestioning concerning the principles taught in previous lessons. 

6. Method of chiselling the notches and finishing bearers. 

Note. — Draw attention to the necessity for exercising perfect control over 
the chisel when making the finishing cuts, in onler that the two planes shall 
meet in an edge. 

7. Glasspapering the curved edgea 

(а) The Ends , — The work is fixed in the vice and a atrip of glasspaper 
stretched over the end. The ends of the glasspaper are firmly grasped be- 
tween the thumb and first finger of each hand and held close in to the faces of 
the work. The hands are then alternately raised and lowered, at the same 
time Ijeing moved forward and backward in line with the axis dlE the cylin- 
drical surface to be produced. In this way the whole of the curved surface 
is brrjught under the action of the glasspaper and a good curve produced. 

(б) The Edges . — These can bo treated in a similar manner, but should be 
fiiiishe<l by imparting a forward-and-bockward ii«>tion only to the glasspaper. 

8. Nailing together of parts and testing finished work. 

Lessons on Tools. — Question the class concerning the names of the 
various part^ of the jack plane. It will te necessary to tell the scholars the ’ 
naii>es of such parts as cannot be npmed after examination. • l^xplain the 
use of the button, and reason for iron becoming loose when the button is 
. struck. Method of taking irons apart for sharpening and resetting. 

Tlhlber. — Should satin walnut ha^’e been ixsed for this exercise, make 
a comparison between this and other w'oods previously used. 

Calculations. — What will be the length of a cylinder having, a diameter 
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tqfial to the diameter of the holes bored, which shall represent the amount 
►f wood removed when boring the holes? 

How many holes are thei-e ? How deep is each hole ? Then — 

14 in. X I in. a ss 5J in. 

The method of finding the volume could be explained to an arlvanced class thus: 

Area of circle =» diameter multiplied by diameter or («?*) x *7854. 

V(du7ne of a cylinder = area of end multiplied by length of axis. 

Sums. — 1. There are twenty boys in the class. Each boy lx)res fourteen 
holes I J in. diameter and } in. deep. How much material is consumH) in 
tlyj process? 

2. How many square inches of surface will have been removed during 
the process of boring the fourteen H-in. holes? 

EXERCISE VII 
A RECTANGULAU BOX 

Exercises Involved. — Marking out and sawing from the plank. Planing 
(longer piece). Marking out. Sawing with tenon saw, Oi'ooving f<w luma- 
ing joint. Vertical chiselling. End>grain planing. Nailing together of 
part». Cleaning off work with smoothing plane. 

Instructions. — Allow scholars to examine the teaching model and measure 
all its par^s. Explain {he principle of the hojieing joint involved and the 
advantages of such a joint compared with simply nailing in the ends Bush 
with the end of the sides. 

Prepare a plan, side elevation, and end elevation. 

Carry the explanation of the principles of orthographic projection a stage 
further. 

Exhibit model of dihedral angle and show the position of the model as 
related to the planes of projection in order to afford the views to be drawn. 

Explain the necessity for having dotted lines marking the ^ition of the 
grooves in elevation, and why such lines are dotted. # 

Qtiestl&n the class concerning the various tools and material that will 
be required *in older to make the exercise and write out the usual lists. ^ , 

Tools Required. — Ruler. Pencil • Panel or cross-cut saw. Jack* plane. 
Try square. Tenon saw. Gbuge. Marking knife. ^ Firmer chisels \ and 
} in. Braijkwl (fine). Hammer. Nail pnnch. Smoothing plan% 
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BenohworlL— Stages.— 

1. Mark oat plank and saw out material. 

2. Plane material for sides and end. This should be kept in one length 
until planed, marked out, and grooves cut. 

Note*— T here is a tendency among scholars to cut their work into small 
pieces and then to execute any necessary ^ork on such short or small pieces. 
Thi% principle is bad, and should never be allowed. There is always more 
danger of a scholar injuring himself when working on such small pieces. 
Tjiere is less scope for the performance of satisfactory work.* Numerous 
small (lieces are apt to be mislaid or ^ost 

Make it a standing yule that the material iscnot to be separated into parts 
* ^ until all prssible work has been executed on such pieces in the bulk. 
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3. Mark out work. 

, 4. Saw and chisel grooves. 

5. Saw^oflT various parts. 

• (a) End pieces should be cut to the line. 

(6) Side pieces should be cut ^ allow for planing 

(shooting) the ends 

6. Clean off inner surfaces of sides^and both surfaces of end pieces, and 
nail sides and ends together. 

7. Plane piece for bottom of box; this should be kept slightly wider than 
is actually required. 

* 8. Mark off length of bottom. Saw off waste ^ in. away from the line. 
Mark position of nail holes. Clean off inner surface. Nail bottom to framing. 

Note. — Scholars must be warned to keep the top framing square whilst 
nailing on the bottom. This can be accomplished by first nailing along one 
side, then testing work with the try square and holding the parts firmly 
whilst a nail is inserted a short distance on the other side, then testing again, 
making any necessary corrections before driving home the nail. 

9. Punch all nails below the surface, and clean off all outer surfaces. 

Note. — Explain the effects of not punching the nails to a sufficient depth. 

It will be found that scholars, in their eagerness, often really do not observe 
that they are planing the head of a steel nail, and have no knowledge of its 
disastrous effects on the surface of the plane and the cutting iron. 

Rememljer that knowledge is only an accumulation of experiences. 

10. Plane the ends of the box to the line. 

Special care is here required in the manipulation of the smoothing plane. 

11. Compare finished work with drawing. 

Demonstrations.— 

1. Marking out the plank, sawing, and planing. 

2. Marking out, sawing, and clyselling grooves. 

«S. Sawing off waste. Smoothing various parts and nailing together. 
N^'SiS-Question the class concerning the advantage of inclining the tfaila 

4. Nailiifg on* bottom and planing off outer surfaces of model 

5. Method of planing off the end grain at ends of box. * 

Note. — T he plane must be held on the skew, ind the successive strokes 

taken inwards, in order to avoid splitting at the outer ends. 
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Lessons. — Explain the “ houHin/j joints”. Quention the dass concerning 
other exainplcH of tlie use of suclli a joint. 

Tools. — Simple queHtions concerning the vanouH tools that •have been 
nHe<l during the exercise. 

Deal more in detail with the tenon saw/and make a comparison with the 
jjanel saw. 

Tenon Saw Panel Saw, 


Handle open. 

Bla<le rectsngtilar. 

Blatle thin. 

'reeth small, 14 per inch. 

Brass stiffening rih. 

Chiefly iisetl in hoi-ijtoiifal position. 
Amount of set small. 

Makes a fine kerf. 

Only nseil for shallow cuts. 


Handle closed. 

Blade tapering. 

Bhifle fairly thick. 

Teeth much largei*, 8 per inch. 
No stiffening rih. 

Chiefly in an oblique position. 
Amount of set, greater. 

Kerf much coarser. 

Use<l for deep cuts. 


Timber. -^Name of wood used. Nature and properties. Uses to which 
applied. Used by patternmakers; reason for thia Compare holding power 
of nails and glue wheil used in connection with the wo(x3. 

Calculations. — 

What is the area of the bottom of the box outside ? 

What is the area of the bottom inside? 

What is the area of one of the long sides outside? 

What is the area of the long sides inside? 

What is the area of the ends? , 

What is the capacity of the box? 

(4} in. X 2} in. X 2 = 20J cu. in.). 


How many cubic inches of wood have lieen used in making the box? 

Sides, 6 in. x 2 in. x } in. x 2 =» 9 cu. in. 

Ends, 21 in. x 2 in. x j in. x 2 « 3] cu. in. 

Bottom, 6 in. X B in. X f ii^. » 6) cu. in. 

V 19J cu. in. 

Assuming that there are nails to ♦ the pound, determine the t^amher of 
boxes for making which J lb, of nails will suffice? ' 

' * Hox 7 would you calcnlafe the numbe;: of nails per pound? 

■Set • MhoUtf to count the number of nnilii, in. injr, 1 oc., or iSicnlM nre not nvnilnble, then count th« 
number of nnlU In • pnoket the weight of which U known, and determine the number per pound fram the 
' ( data obtained. ^ 
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EXERCISE VIII 

A SOAP BOX 

fixeroisei Involved. — Marking out and sawing from the plank. Planing * 
to dimensions. More difficult example in marking out. Sawing with tenon 
saw. Grooving for housing joints. Sawing convex curve with bow saw. 
Spokeshaving convex curve. Boring. End > grain shooting. Shooting ob- 
liquely across the grain. Vertical chiselling (a) in the direction of the grain, 
(6) across the grain. More difficult example in nailing. Using screws. 

Instructions. — Allow the scholars to examine the teaching model and 
measure all its parts, noting carefully the direction of the grain of the wood 
in each part, and proceed to draw a development of all the parts as shown 

in accompanying fig. 258. 

Note. — It is advisable that a de- 
velopment be drawn in this case, 
owing to the apparent complications 
of the parts. Care should be taken 
to explain the necessity for pairing 
the side pieces, i.e. setting them out 
opposite-handed, as shown in draw- 
ing. The development shows clearly 
how the various parts will be marked 
out on the w 9 od, with resppet to the 
direction of the grain of the wood. 

The back, shelf, and sides are pre- 
pared in one piece. The top shelf 
can be prepaid from a sm^l odd 
piece. Ilie curved top presents an 
opportunity for explaining the follow- 
ing problem: — 

^nd the centre of a circle, having 
pven an arc of the circle. ♦ 

Proceed as follows: Lay the teach- 
ing model on a piece of paper, and mark round the curved tdp wfth a pencil, 
.as AB in fig. 259. Take any point C i» the curve, and jmn AC, BC, chords 
of the re<iuired circle. , Bisect AC» BC, and produce the bisectoVs to intersect 
‘ t in D, which will be the centre of the Circle. 
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Chord, — Any straight line, having its e;i;tremitie8 in the circumfefence of 
a* circle. 

Arc.— I^ny portion of the circumference of a circle. 

* Bisect — To cut into ttoo equal parte. 

Question the class concerning the tools and material required, and write 
lists of such tools and material. 

Tools Required. — Ruler. Pencil. Panel saw. Jack plane. Try stpiarc. 
Gauge. Marking knife. Compass. Tenon saw. Firmer chisels, J and J in. 
Bow saw, Spokeshave {iron). Brace and J-in. centre bit. Bradawl (fine). 
Smoothing plane. Hammer. Nail punch (small). Screwdriver (small). 

• Material Required. — One piece of clear pine, poplar, or satin walnut, 
19 in. by 3f in. by J in.; one piece, 4 in. by 2 in. by J in.; eight 1-in. oval 
wire nails; tw’o J-in. No. 6 .screws. 

Benohwork.— Stages.— 

1. Mark out plank; saw and plane material to dimensions. 

2. Mark out work as shown in drawing. 

8. Saw and chisel grooves, 

4. Saw and chisel notch in shelf. 

5. Bore the hole. 

6. Saw and spokeshave curved top 

7. Saw off the various parts, cutting about ^ in. from the line to allow for 
shooting exposed enda 

Note.— E nds not oj^posed, as in the case of the shelf, should be sawn off 
direct to the line. 

8. Vertically chisel the corners where so marked. 

9. Shoot all exposed ends, i.e. plane on shooting board. 

Note. — The necessity for chiselling the corners and then so arranging the 
material on the shooting board that the plane advances towards the chiselled 
comer should be explained. ^ 

* • . • 

Ask the scholars what would happen were this not attended 

ip. Bpre the nail and screw hol^s. Smooth the surfaces and fit vrfrious 
parte: 

11. Nail the sides to the back. Fit and nail the bottom shelf in jgositien. 

Fit and screw, the top shelf in positioA. Remove the waste at the front edge* 
of the bottom shelf with the ^lane. » 

12. Compare finished work with the drawing. 
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' ^ibeltionstFations.— , 

.Jteit^ark out the work, explaininj^ carefully the necessity for reversing ths 
side pieces, i.e. pairing. ^ 

2. How-sawing and spokeshaving top curve. 

3. Shooting exposed ends. 

4. Nailing and screwing together of various parts. 

Lessons: Tools. — Deal with vaiious tools used during the exercise. 
Name the parts of the bow saw, and question concerning the purpose served 
by such parts. Explain bnefly the advantage of a spokeshave. 

Umber. — Deal briefly with the first principle*# o£ growth. Parte of a tree. 
Ascent of sap. Heartwc^. Sapwood. (Exhibit samples.) 

Csloulatlons. — What is the area of each of the parts, neglecting the 
corners which have been removed? 

Note. — An advanced class could take the comers into account. 

What is the volume of the various parts? 

What is the approximate weight of the model? (Neglect holes, corners, 
grooves, and assume that 1 cu. in. of the wood used weighs ^ oz. 

How many of these models could be made from a plank of wood 
10 ft. by 12 in. by } in.? 


EXERCISE IX 
A TOILET BOX 

« • 

Exercises Involved. — Marking out and sawing from the plank. Planing 
to dimension. More difficult examples in marking out, involving geometrical 
construction. Sawing with tenon saw. Grooving for housing joint. Sawing 
convex curves with bow saw. Spokesliaving convex surfaces — more difficult 
examples. Omammtal boring. End-grain shooting. Chamfering with and 
across the grain. Using smoothing plane. Fitting and nailing. OmamentcU ^ 
paUing, iie. brass escutcheon pins should be used for nailing the front 

Instmottons. — Allow the scholars to examine the teaching model and ^ 
m*eaauro all us parts. ^ 

Prepare a development of such parts, as shown in accompanying fig. 2*60. 

, , Note. — Construction at top of back. Method of describing an equilateral 
. triangJ4. Method of constructing a “ Tnjfoil 

Question the class ^nceraing the various ffbols to be used and material 
, required, and write out the lists of such tools and material 
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Tools RoQUlrod. — Ruler. Pencil. Panel or croescut saw. Jack j^ane. 
Try square. Gauge. Marking knife. Tenon saw. ^Pinner chisels, ^ and | 

Bow saw. Spokeshave (iron). Brace and centre bits, and 1 in. Biadawl 
(hne). Smoothing plane. Hammer. Nail punch. 

Material Required. — Satin walnut answers well for this model. Other 
fancy woods may be used, provided they be not too hard for the particular 
scholars about to make the exercise. 

Note. — The back and bottom is made from one piece, the sides and front 
being made from another piece. 

For the back and bottom, one piece 14^ in. by 4} in. by } in.; for the front 
and sides, one piece 12 in. by 3J in. by } in.; ten 1-in. oval wire nails; fqur 
1-in. braes escutcheon pins. 

Benehwork.— Stages.— 

L Mark out, saw, and plane material to dimensions. 

Note. — The piece for the bottom is kept the full width of the back until 
ready for nailing in position. It will be seen that by so doing the danger of 
spoiling the comers when chamfering is thus avoided. 

2. Mark out all work, as shown in drawing. 

3. Saw and chisel grooves. 

4. Saw and spokeshave curved top. 

Note. — Scholars usually make two mistakes when performing this exer- 
cise: 

(а) The spokeshave is allowed to *'dip" into the material at starting, 
thus making a ** hollow place*’ where the tangent edge meets the curved 
edge. 

(б) In rolling the spokeshave over the curved edge too much is taken off 
at the point, thus forming a blunt intersection, which looks unsightly. 

The exercise is purposely intended to afford opportunity for developing 
command of wrist manipulation. 

5. Separate the parts, sawing away frdm line when the ends are exposed, ' 
siiid the iilje for ends not exposed. Plane (shoot) exposed ends. C^hamfer 
base. Clean off surfaces ready for nailing together. 

6. Nail the front and sides together. ^ 

Note — The side pieces being “ squsfre ”, scholars often arrange these with 
grain running the wrong way. Explain this point, and question concerning 
tne reason^tfor having the end grain buried in the groove. 
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^ail the sides to the edge of the back. 

Nail the bottom in position. * 

(See no(^ on " Rectangular Box ”, concerning the squaring of parts, before 
driving all nails in position, page 2fj5.) 

7. Comjmre finished work with drawing. 

Demonstrations. — 

1. Marking out the work. Sawing an<l s|>oke8having the curves at the top. 

Note. — Call attention to the probable errors, as already mentioned, and 
show how these are to l>e avoide<i. 

• 2. Boring the holes. 

Note. — There is a tendency among scholars to l)ore the centre hole first. 
Demonstrato this on a spare piocf‘, questioning meanwhile concerning advan- 
tages or disadvantages. 

3. Nailing the parts together. Special care is nee<led when nailing on the 
b(3ttom. 

Lessons: Tools. — Deal more fully with the brace and its various parts. 
Leverage obtained by means of cranks Compare amount of leverage in fol- 
lowing tools: Bradawl, gimlet, brace. Compare cutting action of bradawls, 
gimlets, and centre bits. 

Timber. — Review remarks on satin walnut. E.xamine transverse section 
of tree. Nott*. and name parts seen. Explain briefly abwncc of distinct 
annual rinjfs in tropical *and subti*opical trees. 

Calculations. — Find the are.a of the various parts, neglecting curves and 
holes. 

Find the area of the back, biking the top curve into consideration, using 
i-in.-squared paper for the purpose. 

Find the cubic capacity of the box portion inside. 

(4 in. X 2A in. x 3 in. = 30 cu. in.) • 

• ' 

How nian^ l-in. brass escutcheon pins are contained in 1 lb. ? ^ ^ ♦ 

^V^}at #ould be the length of the wire, assuming that I lb. of 1-in. nails 
were placed fend to end ^ 

How many boys can Ijc supplied ^^ith nails for this lx)x from a ^)ack^t 
containing } lb. of nails? ^ 


(csifl) 
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HL'^ERCISE X 

A HACK CAPPED JOINT 

Exercises Involved. — Marking out and sawing from the plank. Planing 
to diiiienHioiiM. Marking out. Sawing. ChiNolling a broad surface. Accurate 
fitting 

Instructions. — Drawing. — This exercise affords an excellent opportunity 
for intro<lucing isomeiric projection. Briefly explain the ml vantages and prin- 
ciples as set forth in tln^ chapter on “ Principles of Projection”. 
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" J^'epan^Mi isometric view of ciich })art as shown. (Question concerning the 
tools and maU^riRl re<(nired, and write but the usual lists. - • 

Tools. — Uuler. Pencil. Panel saw. Jack piano. Try wfuare. Gauge. 
Markwig knife. Firmer chis**!, } or J in. 8nuK)thiug plane. 

Material Required. — One piece, of pine ^r jwplar, 12 in. by 2 in. by 
1 in. ^ 
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* Benchwopk.— Sta(5es.— 

. ] . Mark and saw out material. 

2. Piaffe material to dimensions. 

, 3. Set out grooves. 

Note. — Explain necessity for the grooves being reversed on each piece, 
i c. on the face side of one and back of the other; also n<‘cessity for gauging 
the gixxjves from the fitce Mde in each case. 

4. Saw and chisel gix)oves. 

Note. — In such cases where wide gr<x)ves have to be chiselled, one or more 
extra cuts can be made across the waste. Such cuts should not t‘xtend ijuite 
to the gauge mark. (See Part II, Chapter VI, “ (Chiselling Proc(?.sses ".) 

5. Separate the parts and fit together. Clean oft* surface with smoothing 
plane. 

This exercise affords an excellent opportunity of bringing home to the 
scholars the importance of accurate work in all details. They must saw 
confidently to the lines. The joint either fits or it does not fit. Ni* patching 
or faking should be allowed. Accurate self-i-eliant work on the j)art of the 
scholars is the main aim; not merely two pieces of wcxxl fitting tightly 
together. 

Demonstration. — Make the joint from the start to finish, and let the 
scholars see how quickly such an exercise can be made, and the mittirc of 
the work j^roduced by ^refill, accurate, self-i-eliant effort. 

The cleaning off should Ixj carefully explained. The giain of tht3 W(mkI 
crossing at right angles presents a new difficulty. The plane must lx* held 
on the skew, and it should not be allowed to dip when appnjaching the ends 
of the respective pieces. 

Note. — S cholars are very apt to make the ends of each piece thin. 

Lossons. — TooImS. — Deal moi-o fully with the parts of the firmer chisel 
Question briefly concerning other*tools used during the lesson. 

Timber. —Carry previous les.son on transverse section a stagiTfarther., * 

CMci^ations. - * 

Aixias of surfaces of each piece. 

Volume of each piece before making (he grcxjve. 

Volume of waste removed rfrom each groove. , 

Volume of complete model. 
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10 in. X in. x J in. - 1 J in. x IJ in. x J in. 

= ill. X IJ in. X } in. = ^ i X J *”• 

608 . 

= H 4 cu. in. 

When twenty boys make this exerci8t% determine the volume of wood 
wasted in making the f^rooves. 

1} in. X IJ in. x Jiii. x 2 in. x 20 in. = = 45}^ cu. in. 

There are twenty Iniys in the class; each boy is ^iven a piece of wood 
12 in. X 2 in. x 1 in. from which to make the model. Find the exact amount 
of wood wasted, assuming the voluim? of hni.shed model to be 11 cu. in. 

Volume of piece j^ven to each scholar. 

12 in. X 2 in. x 1 in. = 24 cu. in. 

Volume of the model 11 cu. in. 

Then (24 - 11) x 20 = 18 x 20 = 260 cu. in. 

EXERCISE XI 
A STRING WINDER 

Exercises Involved. — Marking out and sawing from the plank. Planing 
to dimensions (long piece). Marking out — pairing piece^s. Cross-grain saw- 
ing. Chiselling — ^grooves and chamfers. Accurate fitting of pai'fis. Use of 
screw.s. More difficult example in cleaning ott*. 

Instructions. — Drawing. — Prepare a plan, part elevation, and section, as 
shown. Explain the use of sections and how projected. An isometric view 
of one corner may be pi-epared, applying the principles taught in the previous 
lesHijii. C^uestion concerning tools and material reejuired, and complete the 
usual list^ 

Tools. — Ruler. Pmicil. Panel saw. dock plane. Try scpiaro. Gauge. 
Marjeing kniVe. Tenon saw. Firmer chisel, J in. Bradawl. Small screw- 
driver. Smoothing plane. ‘ 

Material Required. — One piece of pine or poplar 82 in. by IJ in. by | in.; 
four J-Hn. No. 4 screws. , 

Benchwork.— STAGE.S.— - ^ 

1. Sa\\^ out and piano uiatcrial to dimensions 
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2. Mark out ffrooves as showvi in hV. 263. Explain the necessity for 
a^luptini' (his method, i.e. it ensures that opposite sides of the reetangle are 

e<|ual in lengtli. (a) T\vo pieces 
marked on face side; (b) Two, 
pieces markcfl on Iwick. (See last 
lesson.) 

3. Saw and chisel the gi’ooves. 

4. Cut each piece to length and 
chamfer the ends. 

5. Fit parts. Screw together 

and clean off. « 

Note. — Call attention to neces- 
sity for all screw heads being 
turned well below the surface. 
Question conceniing method of 
holding plane for cleaning off* surfaces where the grain in the several jmrts 
cimses at right angles. 

Demonstrations. — 

1. Method of marking out the grooves. 

2. Screwing together and cleaning off. 

Lessons: Tools. — The screwdriver. Parts. Advantage gained through 
having pear-shaped handle. . ^ 

Material. — Compare screws with nails for holding power. (See lesson 
on “Screw's".) 

Timber. — General <|uestions concerning timber used and geogi’aphical 
distribution. 

Calculations. — 

1. Ho>v many cubic inches of W'ood wnll each boy require for the exer- 
'ci.se(' a 

, 2, WhatHfl the volume of the complete model, neglecting chamfers? 

3. How much planking 12 in. wide ?vill be required for a claefe o/ .eighteen 
boys in order that each may make this model (allow' J in. foi;saw; kerfs)? 

' • 4. ,What will l)e the internal dimensions of a box sufficiently large to hold 
' the eighteen models for export ? 

5. A.s.miming the box to l)e made of J-in. bfiaterial throughout, calculate 
* the w'eighV of l)Ox and models packed ready for export. 
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Experiment . — Weigh a piece ol’ the material to he iise(J, and calculate the 
weight per cubic foot in order to solve the previous problem. 

(J. WhUt will it cost to send the parcel i’rom A to H per Parcel Post, the 
•rate being xd. per ptnind ^ 


EXEKt^ISE XII 
A WALL BRAt’KKT 

Exercises Involved.— Marking out and Siiwing from tin* plank. Planing 
tf^ dimensions. Marking out including more compliciited curves, ^tapped 
grooving. Emv sawing — roimive and conrr.r currrs. More ditlicult exercise 
with spokeshave. Vertical chiselling of stopped curved siirfaccs. More 
difficult examples in cleaning off, use of nails, use of .screws. 

Instructions. — Drawing. — Prepare a development as shown. Explain 
tangent curves. Quadrants. Prepan; an i.Hometric proj<*ction of one of the 
parts, explain method of construction for drawing quadrants. (S(‘e chapter 
on “ Principles of Projection 

Note. — T he isometric projection of the support is sonu‘what <lithcult for 
Ix'ginners, but with careful attention to detail may lx* mast(‘rc<l. 

Question concerning tool processes, material re(|uired, and complete the 
usual lists. 

Tools Required.— Ruler. Pencil. Panel saw. Jack plain*. Try wpiaro. 
Oauge. Marking knife* Compass. Firmer chisels (various). Tenon saw. 
Bow saw. Spokeshave (small wooden). Brace and J-in. centie bit or 
Forstner bit. Bradawl. Snudl pin hit. Countersink. SmcMjthing plane. 
Cork nibbor. Hammer. Screw<lriver (small). 

Material Required. — P^lar. Cedar. Satin walnut. Black walnut may 
Ik* used for this model, line selection must depend uj>on the strength t»f 
the individual scholars. Black walnut looks well but is more <lifficult f(»r 
scholars to work than the foregonig exainple.s. • „ 

One piece 14 *111. by 4J in. by .J in.; one piece 8 in. by ij in. in:^ nails, 
three^ nails or tinisliipg pins; screws, two J-in. No. ^4; glue; 

glaaspapcr (fine)^ 

Benchwork.— Stage-s.— 

1. Prepare .all material. 

2. Mark out as sliown in (fevelopment. 

3. Make stopped groove. 




Fig. 201 
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4. Saw and spokeshave lar^e (!iir\'(*.s. 

5. Chisel quadrant at Ijcjttoin of siipjxji t. 

6. Separate parts, round ott’tlie eornei’S of shelf, and shoot the ends. 

7. Round off the cornei's of Kaek an<l bore holes. 

8. Clean all part.s. Glue and nail shelf to support. Screw the Iwck to 
the shelf. 

Demonstrations. — 

1. Marking out the curves. 

2. Method of forming stopped grooves. (See chapter on “Chiselling".) 

8. Sawing ami sjK)kesha\ ing curves, also chiselling quadrant at bottom 

.mipport. 

4. Use of glasspaper. 

Note. — The gla.sspaper should be rubbtsl only in the direction of the 
fibre.s. Show .sci’atclied appearanct* of work if j)apered acr(».ss I lie libres. 
Demonstrate the etfect of papering across the fibres if the article is to be 
stained. (Ink will answer for a stain.) 

f». Method of using glue and fi-xing model together. 

Lessons: Tools. —Further lessons on bow saw and spokeshave. General 
questions concerning other UxjIh used during the making of the model. 

Timber. — Compare and contrast pine, poplar, satin walnut, black walnut. 

Glue. — Nature of substance, prepaiation for u.mc, nece.ssity for water 
jacket. • • 

Calculations. - 

1. Find the area of the various part.s. 

2. Find the volume of the various parts. 

8. Find the cost of the particular material u.sed in making the model. 

4. Find the cost of the screws used hy the class at .rd. p<‘r gross. 

5. Find the volume of lx)X required to contain one mmlel. 

6. Detormine the lx\st manner of packing the iikkIoIh together, and n.sc(‘F- 

tain the dimensions of a suitable Iwx large enough to hold att the imK^ds 
of » ^cording to the niunl>er*'of Ijoys. • 
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A M()UTISK.AXI)-TH:\()N joint 

Exercises Involved. — Marking out and Hawinj^ from tl»o plank. Planing 
to diinenftionft. Marking out. Uw of mortise gauge. Mortising. Tenon 
and shoulder cutting. Accurate Htting. 

Instructions. — I)u.\win«. — Allow scholars to ascortaiji dimensions of 
parts — English or metric standard — and pr(‘pare an isomt‘trie projection f)f 
each part as shown. 

Complete lists of tools ami matt'rial. 

Tools Required. — Ruler. Pencil. Panel saw. Jack plane. Try stpiare. 
Cange. Marking knife. fjauffe. chiwl. Tenon saw. 

Smoothing plane. 

Material Required. — One piece of red pine, whitf* pine, or pojJlar, 18 in. 
hy 2 in. by in. 

Bench work. — St ao es. — 

1. PrcjMire material. 

Note . — In all saht*pqveiH modfh of the course, all that )yertah)s to the 
m whig oat of material ami prrfHti'<ition for marking oat will Ite included 

in the firat stage, as aho\r. 

* « 

2. Mark •ff pieces and set out mortise and shoulder line.s. ' 

N^)TK, — The shoulder lines should b« finely cut with the mai'klrg knife. 
Tlie position of the mortise sliould be markcsl with pencil. * , * ' 

* 8. Oauge the tenon and mortise. (See chapter on “ Gauging ” for method.) 
4 . Make the mortise.^ « 

, Ntrix — ^n all “through” mortising the Ijack edge shouM fii’st be mortised, 
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the work is then turned over and tlie mortise completed from the face side or 
ed)(e. The remaining core must be driven through from the face side. 

5. Cut the tenon. ^ 

Note.— The cuts running in the direction of the grain must tirst be made, ‘ 
when these are completed tlie shoulders should be cut. Scholars often reverse 
this procedure with unsatisfactory result.s. 

6. Separate the part.s. Fit the parts together. Clean off. 

Demonstrations. — 

1. Marking out and asing mortise gauge. 

2. Mortising. 

8. Sawing the tenon. 

4. Fitting and cleaning off 

Lessons: Tools.— The mortise gauge. Compare with marking gauge. 

The mortise chisel. Compare with firmer chisel. 

Timber. — Growth of trees. 

Note.— In the second year a more .systematic course may he followed, 
dealing fully with the <piestion of growth, felling, seasoning, geographical 
distribution, and method of importation. These can only be sugge.sted in a 
limited form where each lesson is concerned. The teacher should map out 
his coui-se at the beginning of each term and endeavour to carry out the work 
outlined for each class. 

Calouiations.— 

1. Area of various surfaces. 

2. Volume of hole. 

8. Volume of material removed when making the tenon. 

4. Volume of complete model. • 

5. Simple problems on application of forces. 

6. Simple problems on the parallelogram of forces as applied to the gauge 

(see “ Gauging”). t 

• 

N;>TE.— During the second year tht\chaptcr on “ Science” slio«ld be care- 
fully explained* and worke<l thmugh, adopting in all ca^.8 yei^’ simple 
e\a«»ple« accompanying the same by experiments whenever possible. 

« Many very simple pieces of apparatus *can be devfsed to demonstrate these 
experiments, but space, will not permit their discription here.^ 
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EXERCISE II 
A LETTER RACK 

Exercises Involved. — Sawin^r and planing in hard wood. More difficult * 
example of marking out. Vertical chiHelling of flat and curved surfaces in 
lull’d wood. Boring. Oluivg. Nailing. Une of brass round-headed screws^ 
Splai/ed work. 

Instructions. — Drawing. — Prepare the views shown. Explain the 
principle of change of ground line and method of projecting the front. 
Pre]mre list of tools and material. 

Tools Required. — Ruler. Pencil. Panel saw. Jack plane. Try scpiarc. 
Crtuge. Marking knife. Compass. Brace and Forstner hits (various). 
Tenon saw. Firmer chisel. Brrel. Bradawl. Smoothing plane. Hammer. 
Small screwdriver. 

Material Required. — Selected hard woods. This model looks well with 

a dark back piece and light fronts, such as 
black walnut and sycamore. Back and 
fillets, one piece 14 in. by 4i in. by in.; 
fronts, one piece 14J in. by 3J in. by | in.; 
nails, six }-in. oval wire or finishing pins; 
screws, six J-in. No. 4 brass round heads. 
Bench work. — Stage.s. — 

1. Prepare material. 

Note. — Tlie piece for the liack and 
fillets is prepared in one piece. The piece 
for the fillets is gauged to width along one 
edge and beveljed, after which it is sawn 
ott* and the cut edge planed. Fig. 267 will 
explain the process. 

2. Mhrk out. Convex, curves that arc 

^ to Ix) chiselled must be drawn tpljy. Holes* 

that have to b»5 jK)red neefl only have the centres marked. * 

3. Prejiare fillet and saw ofl* 

4. More all holes. All l)oring should Ije e.xecuted before sawing olf waste, 

this also applies to the screw holes in the fronts.*, * 

6. Keiuvve waste and vertically chisel all curves. 
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* 6. Clean off the back piece and attocli bevelled Hllets in position by means 
of glue and J-in. finishing pins. 

7. Cle^^j off the fronts and attach them to the back; this should not be 
attempted until the glue on tluj fillets is (|uite dry. 

8. Remove the waste end of fillets and clean off the sides of the model. 

Demonstrations.— 

1. Method of preparing the fillets to suj)port front. 

2. Chiselling curved tops, Iwick and fronts. 

3. Cutting holes in faces of fronts, 

4. Cleaning off parts and fixing fillets. 

, 5. Attaching fronts to back. 

Lessons: Tools. — Principle of the cutting action of Forstner bits. 

Extend previous Ies.son on brace aiul other bx>ls used. Leverage of brace 
(sec chapter on “Science”). 

Timber. — Question concerning woods used. Compare and contrast same. 
Gi’owth of trees continued. 

Calculations.— 

1. DeU^rmine the areii of the J-in. holes. 

Rule . — Area of circle = diameter x diameter x 7854 = 1)^ X 7854. 

2. Find the volume of material removed in Ixu’ing the four holes in each 
front. 

3. Determine the amount of material used by the chiss, in planking 9 in. 
wide. 

• • 

4. Find the cost of eaeli iiwMlel. 

Wood A at .rd. prr f(^)t .super. 

Wood B at .rd. pei’ foot su|R'r. 

5. .Screws at ird. jxn- gi-oss. 

6. Determine the internal volume of a box large enough (o contain one 
model. 

EXERCISE III 

A TOWEL KOLLEU 

Exercises Involved. — Sawing and long planing. Planing to prismatic- 
and cylindrical *form. Formation of mortise-and -tenon joints with framing 
and applieatwn of u^edyimj. Vertical chiselling (o) of flat surfaces; ih) con- 
vex surfaces;* (c) concave »urfaces. Filing. Boring. Gluing. Cramping. 
Wedging. Use of sci'ews. 
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Instructions* — Drawing. — Prepare a front elevation, plan, and end eleva- 
tion an Hhown. The length Ixiinj^ conaiderably greater than the width the 
principle of the centre break can again be explained and adopted,. 

l*artM of the nio<lel alTord excellent examples for more advanced exercises 
in isometric pi-ojection, i.e. one of the brackets, a portion of the framing or *’ 
a complete end view as shown in chapter on “Principles of Projection”. 

Coni[)lete the list of tools and material. 

Tools Required.— -Hiller. Pencil. Half-rip saw. Jack plane. Trying 
plane. Try square, (lauge. Marking knife. Mortise gauge. Mortise 
chis(‘l. Tenon saw. Firmer chisid. Bow saw. Conge (scribing). Half- 
round tile. Brace and centre bit. Shell bit. Countersink. Snuxithihg 
plane. Cramp. Hammer. Screwdriver (large). 

Material Required. — Pine, pf>plar, or satin walnut. 

For frame, two pieces .‘H in. by in. by 1 in.; for roller, one piece 20 in. 
by li in. by IJ in.; for brackids, one ]uecc 9 in. by 3 in. by I in.; nails, four 
1 in. Hnishing pins; screws, four IJ in No. 10; gla.sspaper; glue. 

Benchwork.— Stages.— 

1. Prepare material. 

The frame . — 

2. Mark out position of mortises on the long rails and gauge same. 

3. Mark otf shoulders on cross rails and gauge tenoirs. 

4. Make mortises and tenons and tit tlnmi together. 

,5. Set out ends of framing; cut and .shajw parts. 

H. Clean oil’ inner edges of framing. Glue, cramp, 'and wedge up. 

7. When dry, clean cut-otl* projecting wedg(;s and tenon and clean off the 
surface.s. 

The brackets . — 

H. Mark out as shown in sketch (Hg. 268). 

9. Cut out bracket with bow saw and pare back to the lines. 

10. Bo»e holes and make notch in right bracket for pin of roller. 

11. Cleay otf and attach to frame. ^ • 

Tke roller . — « . 

12. Set off .shoulder lines on rectangular prism, and mark size of pins on 
the ends. 

• 13. Cut to shoulder lines. 

Note. — ^This must be done before ..planing the roller to its cylindrical 
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fonn, in order to overcome the diffi* 
culty of cutting Hquare shoulders on 
the cyliuder. ^ 

14. Plane to cylitidncal form as 

in round ruler, * 

15. Complete pins on ends. 

(jrlasHpaper and fit in position. 

Demonstrations.— 

1. Setting out the framing. 

Note. — The opposite rails must 

be paired when setting out mortise 
and shoulder lines in order to endure 
the frame being rectangular; the 
accompanying sketches (fig. 2fifi) 
will explain this. 

2. Method of gluing — cramping 
and wedging. 

The siiuareness of the frame 
must be tested by measuring the 
length of the inner diagonals by 
means of a thin rod of wood, as 
shown in diagram (fig. 270) — AC and 
HI) must be equal. Any incniuality can laj adjusted by slight movements of 

the cramp. When the cramp is 
placed at a slight inclination to 
the sides of the frame it draws 
the framing to one side, thus 
varying the lengths of the dia- 
gonals. This must be attended 
to before driving in the wedges. 

The frames must be kept 
out of winding, i.e. the surfaces 
must be in thq same plane. 
This can be assure^^by Iboking 
riB. 270 across the frkmc,‘the eye being 

• .in fine with the surface. 



3. Setting out. cutting, and fixing bracketstin position. * 

To fi3j, the brackets to the fraim;, proceed off follows: Draw the centre 
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lines along and across the short rails; bore holes for the screws and mark {nn 
l|ole8 as shown in hg. 271. Next proc^ to draw the centre line on the 
Wk surffce of each bracket, and, mea* 
suring from the centre point, mark the 
corresponding position of screw holes 
and pins. Now cut the heads off the 
finishing pins and drive them into the 
centre marks, as shown in sketch, leav- 
ing them protruding about } in. Prick 
holes into the framing as indicated, then 
place the bracket in position on the 
frame, when it will be held in a central 
position and the work can be turned 
over and the screws insei'ted from the 
back of the fmme. 

4. Method of marking out and cut- 
ting pins on end of roller. 

Lessons: Tools.— Compai'e and con- 
trast firmer chisels with gouges; cramp 
and application of the “Screw Prin- 
ciple”. See chapter on “Science”. 

Compare and contrast nails and 

screws, and action of screw. See lesson irig. 

on Screws 

Timber.— Growth of trees continued, and felling. Material used in 
making model. 

Caleulstions.— 

1. Find the area of a fa^e of one of the brackets. 

2. Find the volume of a bracket, not taking into account the hole. 

3. Find the area of the roller, not including the ends. 

4. Find the volume of the roll^, not including the pins, 

5. Find ^he approximate w^eight of the model, 

^ ^ rtain the approximate cost of the model. 
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EXERCISE IV 
A SIMPLE INKSTAND 

Ex6rcl868 Involved. — Marking out and sawing from the plank. Planing 
to dimensions. Marking out. Sawing. Paring large surface. Boring. 
Fluting with gouge. Chamfering with chisel and plane. End-grain planing. 

Instructions. — Drawing. — Prepare a plan, side elevation, and section as 
shown. 

Complete usual list of tools and material. 

Tools Required. — Ruler. Pencil. Half-rip saw. Jock plane. Try squar^. 
(lauge. Marking knife. Compass. Tenon saw. Firmer chisel, 1-in. Brace 
and IJ-in. centre bit. 1-in. firmer gouge. Smoothing plane. 

Material Required. — Pine or poplar, 1 piece 14 in. by 2J in. by If in. 

Benohwork.— Stages.— 

1. Prepare material and mark out work. 

2. Saw and chisel the base. 

3. Make the flute. 

4. Bore the holes. 

5. Chamfer the ends and edges. 

6. Clean off surfaces and ends. 

Demonstrations.— 

1. Cutting and chiselling recess in bottom. (See •chapter on "Chiselling 
Processes”) 

2. Method of forming flute. 

Lessons: Timber. — Material used for exorcise. Felling and seasoning 
(natural method). • 

Tools. — The firmer gouge. Compare and contrast with other forms of 
chisels. • 

Note. — ^xplain the advantages of a bl<fck plane for end-grain planing as 
cotiip^red with a plane having the ordinary "pitch”. 

• Calculations^— * 

, ^ 1. Find the area of the top surface. 

, 2. Flpd the area of one of the sides. * 

3. Find the volume yf wood removed in forming the under recess, 
j 4. Find Ihe volume of each hole. • 




Ki« m 
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6. Find the volume of the complete model, including chamfers, but neglect- 
ing the flute. 

a. Determine the amount of material required for a class of twenty boys 
to make this mcKle). Ascertain the cost of same at x(l. per foot super, ot 
1 1 -in plank. 

EXERCISE V 
A BOOKSHELF 

Exercises Involved. — Marking out and sawing from the plank. Planing 
to dimensions. More difficult example in marking out. fiow sawing. Spoke- 
shaving. Vertical chiselling (flat and curved). Stopped grooving. Borixg. 
Rfbaiing. Nailing. Screwing. 

InstniCtiona. — D rawing. — Prepare the views shown. This nuslel affords 
an advanced exercise in isometric projectioa Complete the list of tools and 
material 

Tools RequlrecL — Ruler. Pencil Panel saw. Jack plane. Trying plane. 
Try square. Gauge. Marking knife. Compass. Tenon saw. Bow saw. 
Spokeshave. Chisels (various). Gouge (scribing). Mallet. Side JiUhter. 
Brace and J-in. centre bit. Bradawl Smoothing plane. Hammer. Screw- 
driver. 

Material Required. — This model may be made of pine, poplar, satin 
walnut, black walnut, mahogany, or teak. The shelf may be made of pine 
or poplar, having the front edge faced with hard wood, in keeping with the 
sides. Sides, one piece 20 in. by 5} in. by ^ in.; idielf, one piece 24 in. by 
5 in. by in.; hanging pieces, one piece 26 in. by 2i in. by iu-J ^^^ds, 
fourteen 1-in. oval wire or finishing; screws, four j-in. No. 6; glue. 
BenchwoPk*-— Stacks.— 

1. Prepare all material. • 

2. Prepare sides and mark out. 

Nonc^The side pieces are cut out and glued together, with a piece of 
'paper between them, as shown (fig. 274).* In this way th^ cur>'e8 of both 
piec^ are ^mpleted simultaneously, the grooves and rebates be made; 
• after which th^ pieces are easily sepai4tted by splitting the paperj^ th^y are 
then ready for cleaning off and fixing to the shelf. * * 

• • , 

« 3, tk>mplete stopped grooves. • 

4. Saw, spokeshave, and chisel all curves, ^nishing with 'file and glass- 
* , pa|)er. • 




Figi m 
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5. Prepare reoates for hanging filletn; separate the parts and clean oft • 

6. Prepare shelf and clean off. . 

7. Prepare the hanging pieces. ♦ 

6. Nail sides to shelf, applying a little glue to the ends. Ndif hanging 



Fig. «74 


pieces to sides. Screw hanging pieces to shelf, being careful to square shelf 
and hanging piece before inserting the screws. 

Demonstrations.— 

1. Method of gluing side pieces together, and marking out. 

2. Use of side fillister for forming rebates. ^ 

3. Method of fixing parts together. 

Note. — If the front edge of the shelf is to be facefl with hard wood, it will 
be necessary to demonstrate the method of making the joint and gluing it 
together, , 

Lessons: Tools. — The fillister, parts and use of each. General question- 
ing concerning tools used. Glue — brief outline of process of manufacture. 
, Grinding', with reference to mechanical application of levers, &c. (simple form). 

TimbeO'— Seasoning (artidcial methi^s).* Descriptive lesson on the par.- 
^cul:ir timber used in making the modal; if of hard wood, compait’e yjjth^other 
kinds for porosity, density, weight, colour, odour, toughness. . • 

Calottlatlons.— 

1. betermine the quantity of material reqmred by a cla^s of x boys in 
making the model. ^ 
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• 2. Determine the cost of the material at standard rates. 

3. Find the cost of the model, including time and material, 


» 

1 

Cost of timber 

i 

Cost of nails, screws, glue 

1 

Cost of labour: x hours at yd. per ho\ir 

i 

Total 

I 

j 


4. Determine the si/e of a case to hold six m<Klels conveniently packed. 

5. Determine the size of a case to hold six models, the parts not bein^^; 
fixed together. 

0. What' saving in space and material will be effected by adopting the 
latter method? 


EXERCISE VI 
AN INLAID LAMPSTANI) 

Exercises Involved. — Marking out and sawing from the plank. Planing 
to dimension. Butt jointuig. Marking out work. Settmg and using hevel. 
Using of 'router. Inlaying (careful fitting). 

instructions. — Drawing. — Prepare plan and sectional elevation. Com- 
plete list .of tools and ^naterial. 

Tools Required.— Ruler. Pencil. Panel saw. Jack plane. Trying plane. 
Try square. Gauge. Marking knife. Compass. Tenon saw. Brace and 
centre bits (various sizes). Mallet. Chiwds (various). Homier, Bevel, Bench 
holdfast. Hammer. Smoothing plane. 

Material Required.— The base may be made of any suitable hard wootl, 
and the inlay of coloured woods which contrast with the base and each other. 
The base of^ black walnut, with iujays of sycamore and mahogany,look8 welK 
Base, one pfece (kind) 9 iif. by SJ in. by 1 in.; inlay, one-piece (kiqci) 
15 in. J)y H in. by i in.; inlay, one piece (kind) 15 in. by 1 j in. by J®in. , 
BenwiwpPk*— S tages.— 

1. Joint strips for inlay and lay aside to dry. 

2. Prepare,, liuse and inark^ out octagon. 

3. Cut and fit together pieces of inJay, and glue to*a sheet of paper. 
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4. R^iove paper from inlay, clean off edges^ lay in poeitiop on baae» and 
mark position of recess; cut out recess, and glue inlay in position. 


ng, fib 
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* 5 Cut out octa^n, plane edges, mark out and make chamfers. 

6. Clean off surfaces. 

Demonstmtiona.— 

1. Metnod of jointing inlay. 

• 2. Method of fitting inlay together, the stages of which are indicated in 

figs. 276-277, 

8. Method of making recess and fixing inlay. 



KIg. 276 m 277 


Note, — The bulk of the material is easily removed by boring a nnnilxn’ of 
holes with centre bits of various sizes; this is followed by chiseliiug and use 
of router. For cleaning out the acute corners a chisel ground “very thin’’ and 
used sideways is essential. 

LesSOlil: tools. — Th*e bevel, and inethocl of setting to various angles. The 
router, parts and varied use. Bench holdfast, explain jwirts and inwhanical 
principles involved. 

Umber. — Woods used and geographical position. Seasoning— artificial 

methods continued. 01ue-*^further details on method of manufacture. 

Calottlations.— 

1. Determine the amount of 1-in. plank, of suitable width, reqijired by* a 
class of X bdys <or making the ^ddel. 

2. Deter^pine the amount of planking of each kind required foi^ the inlay* 

S', Asf^rtain the cost of such material at standaixl rates. 

4. Compare fhe volume of the piece supplied for the Imse with the volume 

of the complete model, and determine j^he amount of waste. ^ 

5. How mtfny cubic feet ff timber are contained in a log of wood 12 ft. 
long, having a sectional area 9 in. by in.? 


. ^ores 
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6. Determine the weight of the foregoing log, having found by experimAit 
the weight of a superficial foot 1 in. thick. 

Note. — Apply this to the particular wood used in making the mo^el. 

EXERCISE VII 
A BREAD BOARD 

Exercises Involved. — Marking out and sawing from the plank. Planing 
to dimensions. Marking out of ellipse and determining normals and tan- 
gents. Use of compass saw. Bow sawing. More difficult example in spoke* 
shaving. Curved chamfering. Cleaning off. ^ 

Instructions. — Drawing. — Draw plan, part end elevation, and section. 

Note. — The working details, as shown in the accompanying plate, will not 
be drawn; they should, however, be very carefully explained. The terms as 
applying to the ellipse should be thoroughly taught. 

To an advanced class a simple explanation of the conic section may be 
given. 

Complete list of tools and material. 

Tools Required. — Ruler. Pencil. Half-rip saw. Panel saw. Try squai’e. 
(lauge. Marking knife. Compass saw. Bow saw. Spokeshave, File. 
Firmer chisel. Smoothing plane. Bench holdfast. 

Material Required.— Pine, poplar, hickory, or lime; one piece, 14 in. by 

in. by 1 in. 

Benchwork.— STAOE.S.— 

1. Prepare material. 

2. Mark out, using pins and thread as shown. 

3. Cut the side curves with a bow saw, and finish with spokeshave, chisel, 

and file. , 

4. Cut the horns and plane the cut surface. 

, 5. Mark out chamfers, using pencil and thumb gauge a.s showm. 

, 6. Chflmfer the curves, using spokeshave and chisel. 

7. Chaucer horns and clean off surfaces with smoothing plane. 

c 

dbmonstraUons.— 

1. Method of marking out ellipse and .setting out horns. * 

* < 2. lyiethod of using the compass saw.^ « 

‘ 3. Method of working curved chamfers, (S^ chapter on “ Chiselling Pro- 

cesses ”.) 
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Lessons: • — The Compaq eaw, and comparison with other kinds. 

Further details oh spokeshave, and usee to which applied. The bench hold- 
fast. » 

Timber. — Notes on the particular wood used. Methods of converting, 
logs: advantages and disadvantages of each. 

Calculations.— 

1. Find the area of the ellipse. 

Rule. — Area a Major axis x Minor axis X *7854. 

2. Find the volume of the elliptical base. 

H. Determine the length of the outer edgel (Use a piece of string.) * 

4. Find the number of models that can be made from a plank 15 ft long 
and 14 in. wide. 

Note. — The grain of the wood to run in the direction of the major axis. 

5 0>mp9re the area of the face of the finished model with the area of the 
piece of wood supplied, and ascertain the amount of waste entailed in making 
the model. 

6. Determine the cost of the material used in making oc models at ycf. per 
t(K)t super., and find the relative costs of finished model and waste. 

Note. — S ubstitute values for x and y. 

EXERCISE VIII . 

.\N O.XFORD PiUTURK FRAME 

Exercises Involved. — Marking out and sawdng fi*om the plank. Planing 
to dimensions. Setting out work. Application ^of half-lapp^ joints. For- 
mat ion of Mopped rebatee with chisel Chamfering with and aeroes the grain. 
chamfering. 

^ Instructions. — Dkawino. — P repare tlyj views shown. Explain the sec- 

tions by the aid of a model cut to the various section lines. Ck>mplete th^ 
>f tools and material. i * ^ ^ , 

Tools Required. — Ruler. Pencil. Half-rip saw. Jacl^ plane. Trying 
.pjaiie. Try square. Gauge. Marking knife. Tenon saw'. Firmer chisel, 

. «. J-in. akd J-in. or 1-in. Cutting gauge. Mallet Smoothing plane. 

Matwials Required. — Satin w^alnut, black walnut, or teak; one piece 
‘ » {length) 1 in. by J in.; 1 piece (length) by 1 in. by J in. 




Fig. £79 
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Note. — The dimensions of the frame can be varied achdlars who poe^ss 
a certificate might make the frame in keeping witH tlih dimensions of snah 
certificate. 

Benohworlc.-«^AGEtt— 


1. Prepare material. 

2. Mark out joints and chamfers; cut and fit half -lapped joints. 

3. Whilst frame is together, gauge the rebates. Chisel rebates. (See 
chapter on “Chiselling Process 3a”) 

4. Work all chamfers. 

5. Clean all inner edges, glue the joints, and clean off surfaces. 


Demonstrations*— 

1. Method of marking out joints and chamfers. 

2. Gauging and chiselling rebates. 

3. Fohnation of stopped chamfers. 


Lessons: Tools. — General review of tools used, advancing each a stage. 
Timber. — Description of wood used. Defects in timber. . ^ . 

Calculations.— 

1. Compare the volume of the rough material supplied for the exercise 
with the volume of material when planed. 

2. Determine the volume of material removed in forming the rebates. 

3. Find the area of the glass required, and express same as the fraction 
of a square foot. 

4. Determine the total length of the chamfers. ' * 

5. Find the volume of the material rernoved in forming the chamfers. 

6. Determine the total volume of the finished model. 


EXERCISE IX 
A CORNER BRACKET 

c 

Exorcists Involved. — Marking out and srfwing from the *plank. Planing* 
jarge '^mrfoces. More difficult exemse in marking out curved work, t Stopped 
grooving. Bow* sawing. Spokeshaving. Vertical chiselling of * flat and 
ciifved surfaces. Sto}yped chiselling of curved snrfnfta. Nailing. Screwing. 

♦ * InstWotions. — Drawing. — Prepare k plan and elevation as shown. Ex- 
' plain tangent curves and method of finding centres. Complete list of tools 

* • and inateridl. ^ 
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Tools ROQuired. — Rul(‘r. Peiifil. Panel saw. Ja<*k plane. Try fl(juare. 
(laii^^e. Marking knit’e. (’oinpass. Mailet. Firmer chisel. B<^>w sajv. 
J*n(l stnt\ S|K)keshave. Router. Bench holdfast. Smoothing plij^ue. Brad- 
awl. Screwdriver. Hamim*r. 

Material Required. — Pine. Poplar. Satin walnut. Black walnut.* 
(Vdar or mahogany. One piece .‘11 in. hy 7J in. by § in. * 

Bench work. Sta< ikm. 

1. Prepare material an<l mark out as shown in figure. 

2. (line together the pieces for the sides, having layer of paper between, 
and mark out curves and gro<jves. 

H. Cut and form stopped grooves. ^ 

4. Saw, 8poke.shave, chisel, fih‘, and glasspaper curved edges. 

Note. — Care must he taken when glasspapering the curves to keep the 
surface square with the face. Scholars have a great tendency k) roll the 
glasspajwring stick ami thus pnxluce unsightly curvature in Ixith directions. 

5. Pre|)are the shelf. 

0. Reduce the wi<Uh of one of the si<h‘ pieces by an amount e<jual to the 
thickness of the material in order U) Imlance the sides. Clean off’, fit, and 
fix the parts together. 

Demonstration. — Metluxl of finishing the curves with the chisel in places 
where the spokeshavo cannot Ixi ustsl. 

Lessons: Tools. — The pad saw, paits and u.^os. Further notes on tools 
in general use. • f 

Timber. — Description of tiinlxT used. Dry rot in tunber — cause and 
prevention. 

Calculations.-— 

I. Find the cost of matenat usisl at standanl jatc. 

2. Find the area of the si i elf. 

• ;i. Find the volume of the shelf. 

4, Find the area of the side pieces. , 

• Note.— O bbiiu some squared pajx'r, i.e. paper di video in inches with * 
eighths or k'l^ths. Lay each side pie6c on the pajx*r and mark rpund outer 

edge, then count the squares, thus determining the area * ‘ 

" « 

.'>.*raleulate the volume of the ci^mplcto mo<lel.* 

fi. Determine the, volume of a box, made of J-in. material, that will just 
contain oae mcxlel. * 
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EXERCISE X 

A FOOTSTOOL 

Exercises Involved. — Marking (Mit and sawin^^ material from the plank. 
Planing to dimeiiHiouM — large .surfaccH. Marking out work. Formation of 
hriille joint Bow sawing and spokeshaving. Mortising. Tonon cutting. 
Edge rounding. Gluing and diagimal wedging. More difficult example of 
building up and cleaning off. 

Instructions. — Drawing. — Prepare side and end elevations and paH plan, 
as shown. The details of construction may be shown in isometric projectiop. 
Complete the lists of tools and material. 

Tools Required. — Ruler. Ptmcil. Half-rip saw. Panel saw. Jack plane. 
Trying plane. Try wiuare, 4J in. and lOA in. Gauge. Marking knife- 
Tenon saw. How saw. Spokeshave. Mallet. Chisels (various). Hammer. 
Smoothing plane. 

Material Required. — Pine or jwplar is suitable for this model; for the top, 
one piece 16 in. by lOJ in. by | in.; for the legs, one piece 17 in. by 8J in. by 
I in.; for the rail, one piece 16 in. by 2^ in. by | in. 

Bench work. —Stag es.— 

1. Prepare material. 

2. Mark out all work. 

3. Cut and shape logs. 

4. Cut, shape, and 6t rail to legs. 

5. Mortise top and lit to logs, cut to length, clean ends Bn<l round edges. 

6. Make cuts in tenons for wedges, clean all surfaces, glue and wedge 
together. 

Demonstrations. — 

' 1. Mc^iod of marking out legs and cutting tenons. 

2. Method of marking mortises in top. « 

, 3 MetHbd of gluing together. 

. ’ HTxplain principle of wedging and re/iwm for diagonal arrangefhenfc.* • 

Lessons: Tools. — Tho half-rip saw. Compai-O with other saws — rt'ason 
* for largf' teeth — pitch of teeth and amount of sot. 

Timber. — Quostioiu concerning timber lu^. Methods *of preserving 
. timU'r — {aj in damp situations; (h) iir dry situations. 
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Calculations*— 

1. Find the area of the top Hurface. 

2. Oiilpulate the volume of the rail. 

8 Find the area of one of the lart^e facon of a le^. 

NoI’E. — A rea of em‘ve<l roet'sseH to |j** found hy u.sin<j Rfjiiared paper. 

4. Calculate the volume of material in each le;;. 

5. Determine the coat of the material UH('‘d in makiii^ twelve sOk^Ih. 

(i. Compare the total volume of the, material used with the volume of a 
1k)X that shall just contain the mo<lel. 

* Remark. — The top of the stool looks well if inlaid with s(»me simple 
design. The teacher must use discnd-ion in this matter. Any apt pupil 
may be allowed to carry out such inlaying, and original designs for such 
should be encouraged. 


EXEHCUSK XI 
A MIltllOR FRAME 

Exercises Involved. — Marking and siiwing from the plank. Planing to 
dimensions. More complicabKl examphi in marking-out work. Stopped 
mAjHining. Tenon cutting. Cuiling shotUders in varying jdaoeK Re- 
bating. Boring. Bow sawing. Spokeshaving. Vertical chiselling (flat and 
curved syrfaces). Stopped dovetailed grooving. Chamfering. Cluing an<l 
cramping. Nailing. Screwing. 

Instructions. — Drawing. — Prepare front elevation, sectional elevation, 
part side elevation as shown, and a<ld a plan. A working detail of any of 
the jmrts may be drawn in isometric projection. Complete lists of tools and 
material. 

Tools Required. — Ruler. Pencil. Half-rip saw. Panel saw. Jjick plane. 
Trying plane. Try square. Cauge. Marking knife. Mortise gauge. Morlise 
chisel. Mallet, k Tenon saw. ^Sioe fillister or »anft jilllHter. jdaue. 

Brace and .Forstner bits, Bow' s^iw^ Spokeshave. Firmer chisel. SyiooMi- 
ing plaifa Biwlawl. Hammer. Brad punch. Screwdiiver. * ' 

Material Required. — Satin walnut or black walnut, two pieces 25i in. 
by IJ in. by 1 in.; one "piece 28 ii\ by 8^ in. by } in.; one piecc^‘0 in.Miy 
1 J in. by j im; screws, four ij-in. No. 8; nails, six l-ip. oval wire; glue; glass- 
paper. 


• scores 
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B6n9h ^ork. —S'b a< i bs.— 

1. Vrepam iiiatorial. 

C.S^et out rails ainl stiles (pair each). Oau^e mortises and tenons. Make 

nftortises and rut tenoVis. , , • 

• * * “ 
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• Notes. — 

(«) 'I'lie Hhoiifders inURt not l)e cut until tlie relnUin^ w ctuiipletetl. 

(It) hi settinij out the rails ami stiles allowance must be made for the 
nount tJtat will Ik* rcKated oH the width of the pieces. See sk**tch (li^. 283| 
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3. Rebate stiles and rails. Cut shouldei-s on rails and fit together. 

4. Clean inner edges, glue and cramp together. When dry, clean off 

surfaces. Mark out b)p, cut and pare same, • . ^ 

5. Prepare pediment and ai^on and fix in position by means of brmls. 

6. Prepare shelf and supports. Clean of!' and glue together 

V. Bc?e screw holes and fix shelf and sup|K)rts to frain*. . 

^ * 

Demonstrations.— • 

1 . Metho(>of marking ou^ and making shipped morti.ses. 

2. Method of relating pieces. 
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3. (Ruing. Cramping. S(piaring and cleaning off frame. 

4. Kormation of Htopped dovetail grooves for shelf supports. 

5. Fi.King apron, pediment, and shelf. 

Lessons: Tools. -Sash fillister, if used. Explain parts and use of each. 

M<jrfi.se gauge; further remarks. 

Timber. —Further notes on methods of preservation. (Question concern- 
ing the particular kind of wood used, turttier notes on nails. Screws. 
( line. 

Calculations.— 

1. Find the volume of the top rail. 

2. Fin<l the volume of one stile. 

d. Find the area of the pediment. 'I 

4. Find the area of the apron. iUso squared paper. 

5. Find the area of one support, j 

t>. Determine the cost of the material consumed. 

EXKRC^ISK XII 
A WOODEN SPOO.N 

Exercises Involved. — Marking out and sawing from the plank. Planing 
to dimensions. Marking out work. Bow sawing. Spokeshaving. Surface 
wothlliruj of amcave and convex aurfacea. Filing and glasspapering. 

Instructions. — Drawi.vo. — P repare a plan, side elevation, and sections as 
.shown. Explain (a) the method of finding the centre Of a curve, having given 
tlje length of the chord and pitch of the arc; (6) tangent arcs which envelop 
one another. 

Complete list of tools and material. 

Tools Required. — Ruler, Pencil. Panel sajw. Try square. Gauge. 
Marking knife. 0)mpass. Bow saw. SjK)keshave. Firmer chisel, 1-in. 
(\tfving gouge. Files with safe edge. 

. Material RequlrecL — Lime or hirch, one* piece 13 in. by 2} in. by { in. 

Benchwerk.— S taoes. - ' 

. I. 'Prepare and mark out material. •* 

2. Saw and shape to outline. 

• »3. Gouge interior and mould exterioi of sjjoon. 

4. Shtpe and finish handle. 

5. Gla.sa[)aix*r all surfaces. 
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Demonstration.— 

Method of modelling Murfacen. 

Lessons: Tools. — FileH. General outline of method of manitfaeture. 
Naiiiefl of jMirta. Use of safe ed^je. 

Material. — Brief r<^Hum^ of various lessons given throughout the year. 

Calculations.— 

Find the volume of the completed spoon. 

Note. — This cannot be conveniently worke<i as in previous examples. It 
will prove very instructive and useful to the scholars if the following methods 
are demonstrated: — 

(a) Having planed the piece of wood ready for marking out, calculate its 
volume and carefully weigh the piece and recoid the weight. When thV 
iiKxlel is complete, weigh it and compare the weight of the finished article 
with the weight of the piece from which it w'as made, and in this way 
ascertain the volume. This can l)e expressed in terms of their ratio as 
follows: — 

As the weight of the original piece A is to the volume of the original 
piece B, so is the weight <)f the 6nishe<l article C to the volume of tlje 
finished article X. 

A:B::C:X 

(6) By dUpliicemtnt — Obtain the loan of a giaduate<l flask. Partly fill 
with water, and note the volume of same. Sink the spoon in the water, 
and note rise in level. The difference in volume represents the volume of 
the 8p(x)n. ' • 

Note. — I f a sinker be used, its volume must be calculated and allowed for. 
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EXEHCISK I 

A SIMPLE DOVETAILED JOINT 

Exercises Involved. — Marking; out and .sawiuj; iVoiii the plank. Planing; 
to dimen.sioiiH, Marking out. Splay sawinj^. Shoulder cutting. Clearing 
of fdot. Accurate fittin;^. Cleanin^sf oH. 

Instructions. — Dh.wvino, — A llow the scliolars to ineOMure the t<uichin^ 
model and ascertiiin the ditnen.sions of the parta 

Note. — It provides an excellent training in the tiurd-year course to make 
the scholars prejmre freehand sketches of the exei-cises t^) )x» worke<l, and 
write upon them all the dimensions. From these sketches the sidiolars 
.should proceed to execute their finislusl drawin^f. 

Prepare (a) plan, front and side elevation; (6) isometric projection (open 
or closed). Complete list of tools and material. 

Tools * Required. — kuler. Pencil. Half- rip saw. Jack plane. Try 
square. Gauge. Marking knife. Tenon saw. Firmer chisel, |-in. Mallet. 
Smoothing plane. (How mw.) 

Material Required.— One piece of poplar or pine 12 in. hy in. by 1 in 
Benchwork. — Sta(j es. — 

1. Prepare material. 

2. Mark off the length of each piece. 

H. Mark andjine cff slot wijh ^ncil, ami set out slot. 

4. Mark shoulder line of pin (cut line). 

/I. 0**t tfie sides of the slots but dft not remove the waste.^ , 

6. Fix* the piece which is to carry the pin in the vice, and on it lay the 
piece which contains the* slot The ^correct position of the pm eaqjheir ^be 
marked with 4he tip of the ^non saw, os indicated in accompanying figure* 
(286). 
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• 7. Remove waste from slot. This can bo accomplished in various ways, 
(n) By inortysing (fig. 287). 

*^*’^*1^ **' centre-bit hole and chiselling back to Uie line (fig. 288). 



FiK. AO 


(c) By cutting out main portion of the wtwb; with the aid of a l)ow saw. 
afterwards chiselling Iwick to the line (fig. 289). 

8 Cut.pin. 



nj 
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* Note. — First saw down tin; grain Sipiare with the shoulder linr^ (^Ue 
should be taken to keep th^. kerf just to the outside of the marks made* » 

by the tip of the saw when marking out the pin. fig. 286.) 
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PKACTICAh WORK 


1). Cut the Hhouldei's and Hlightly chamfer the edges of the pin. 
10. Kit together, remove waste end, and clean ott’ surfaces. , 



Kiir. 288 
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Demonstrations. 

Note. — This being the tii'st exercise in dovetailing (box form), care should 
be taken to explain carefully every detail connected with the process. 

1. Method of marking out and sawing slot. 

2. Method of marking pin. 

3. Removing waste fi*om slot. 

4. Cutting pin. 

3. Fitting together and cleaning off. 

Lessons: Timber.-- 

Note, — In this course the teacher sliould aim at reviewing the previous 
lessons, going more into detail with each. • 

Germination of seeds. Conditions necessary. Use of cotyledons. 
Fmiction of roots. Transmission of sap to and from the leaves. Function of 
K'aves. Bkst fibres. Cambiinn layer. Medullary rays. 

Tools. -»-Tho tenon saw — special shape of teeth and rea.son for same.* 
MVtln^l of sotting and sharpening. * * « • • 

Calculation^ — Simple problems on areas and volume •a.s lin previous 
examples. , 

• • Determine, graphical!}', the horizontal and vertical componefits of a force 
of 15 lb. applied to the* handle of a tenon saw as in diagram (fig. 290). 
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EXERCISE II 
A HAT RAIL 

Exercises Involved, — Marking otit and sawing from the plank. Ijong 
planing. Marking out (tangent circles — enveloping). Mortising. Chamfering 
with plane. Curved chamfering with chisel. Ornamental cutting aufl 
shaping. Gluing and wedging. 

Instr&Otions, — Drawing. — Allow scholars to examine the teaching model 
and prepare a rough working sketch, then proceed to execute the three views 
shown. 

Note. — It is unnecessary to draw the complete model. All the detail is 
contained in one end, but It statement must be included showing the number 
of pegs and the distance between the centres. 

This model would afford an advanced exercise in isometric projgc^tion. • 

Complete the list of tools and %naterial. • 

Tools Required. — Ruler. Pencil, Half-rip saw. Jack plane. Tryyig 
plane. /Try square. Gauge. Marking knife. Compass. Bow saw. •Tenop 
saw. Fiin^er fchisels (various). Brace and J-in. centre fcit. Spokeshave. 
Pallet. File. Hammer^ Smoothing plane. ^ ^ * 

Material «Required. — Tlys model should in most cases be made of hard * 
wood, as oak, black walnut, satin walnut, ash. 
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One* piece for the back 2 ft. 10 in. by -li in. by | in.; one piece for the pejgs 
1.7 i/j. by 2i in. by I in.; and glue. 

*= Benchwork.— ST,\(iEs.— « 

^1. PrepjiiV» iiiiiterial. 

, » 2 . ^lark outline of Iwick and mortises, ‘ 

3. (hit and .Mhape Iwick. 

*<. ^l;p;k out aivl chainb-r ba«*k. 

' 5. Mark out. cut, and shapr 

6. Clean surfaces; tit* and ^luc pejje 
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*Note. — The niortises should bo made slightly larger at the back, and the 
)eg« fixed in petition by moaiiM of diagonal wedges. 

Dem«fif trations. — 

1. Method of marking out the curved ends. 

2. Making the mortises. 

Note. — Eor making iiiortises of this character a hole should first be bored, 
using a centre bit. The sides and ends can then be s<|uared with a chisel. 

3. Shaping the pegs. 

4. Cleaning off' and finishing. 

• Lessons: Timber. — Time for felling. Methods adopted in different 
countries. Method of bringing timber to the various ports. Importance of 
rivers. 

Tools. — Question concerning tools used. 

SftWS, — Demonstiation on methorl of setting and sharpening. 

Calculations. — Determine by experiment (a) the amount of tension set up 
in the blade of a Iww saw; (6) the amount of compression in tlni centre beam 
of the bow saw. (See chapter on “ Science in l^fanual Training”.) 


EXERCISE III 

A COMMON HOX DOVETAILED JOINT 

Exercis& Involved.— Marking out and sawing from the plank. Planing 
to dimensioiLs. Marking out~use of Ix vel. Accurafx sawing and fitting. 

Instructions.— DKAWIX(}.—Prei)are t‘ither (a) an isometric prqjectifui as 
shown, or (h) three views in orthographic projection. 

Complete the list of t(K)ls and material. 

Tools Required.— Ruler. Pencil. Half-rip stiw. Panel saw. .jack plane. 
Try w[uare. Cauge. Marking knife. Bevel. Tenon saw. l^.Vv saw., 
/Firmer chisels (v;arious). MalleJ. •Smoothing plant-. ^ 

’ Material Required. -Pine or pojJar; one piece 12 in. by 4^ in. by J 

. BencKV^ork.— STAtJKs. - 
^1. PrepArf* material 
2. Mark oH’ shoultler line.s. • 

(It is advisaTjle to use peucii for this.) 

S. Mark out and cut pins. > 

(C 61 «) 
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Note. — In tin? previous extuci.se on dovetailing/ the slot was Hist sawn 
and tVe pin niarlced from the slot; this method is suitable when only one pin 
has to tut. When there is a number of pins it is usual to cut the pins 
•Hi-st; when these are completed they arc rested in })osition on the piece whicli 
tiis to carry the slots, and the positions of the slots are then marked either 
with a Hhai*p jjencil or a scribiiijij point. This metluxl enables the operator 
to observe more clearly whether the pieces arc in correct relative position. 

The previous method can of course be adopted if desirable. When similar 
pieces are being dovetailed, they are often cramped together and all slots cut 
at once. When this is done it is clear that the slots must fii-st bo cut and the 
pins marked from them as described. 

4. Mark out and cut slots. 

5. Fit together and clean off. 

Demonstration.— 

1. * Marking out and cutting pins. 

>foTE.— For reinoving the waste between the pins it is much (|uickpr and 
more convenient to use a bow saw. The cut can Ix' made very close to the 
shoulder line, thus enabling the shoulder to Ik* Hnished by the aid of a Hue 
paring cut. When the waste is removed by mortising, there is a tendency 
for the material to bui-st out at the centre. Also with iKginners there is a 
tendency to chisel the shoulder very hollow, thus presenting a gixsi Ht on the 
surface whilst inside it is hollow. This constitues bod workmanship. 

2. Marking out and cutting slots. 

8. Fitting together and cleaning off. 

Lessons: Timber. — Conversion of timlKi- from log to plank. How accom- 
plished. Methods of distribution to the various markets. Chief timlKr ports. 

Tools.— The brace. Determine ex jkH men tally the force that must he 
exerted on the crank of the brace to bore holes of varying sizes in any given 

niateriaL ■ i i ' 

.. nils can be approximately gaugp<l by means of a s[>niig fjalance. • 

Process. Borb a hole in a piece of wood, and note carefully tbe amount 

of efforts* ncqdired. Next attach one e^d of a spring Ixilaiice to the cra^k of ^ 
the brace, <hf other end iKing attached to a rigid beam. Ndw pull on the 
crank of the brace, being c/ireful to exert a forc»* similar l«) that applied w^jk 
bfjring the hob? A second operator’ean take the readings on the ''spring > 
balance. The experiment shmild be repeated three fV four times, and the 
mean reading taken. 
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EXERCISE IV 

A XAIL KOX 

^ £x6rclS0S InvolV6d. — Marking out an<l sawing from the plank. Planing 
tcT dimensions. Stopped gr(X)ving. Dov^ctailing. Shaping with Ik>w saw and 
spokeshavo. Boring and shaping, (fining. S<'rewing. Nailing. 

Instructions* — Drawing. — Prepare a plan, skle elev'ation, and emi eleva- 
tion as shown. 

Note. — This could be drawn to s<ale, half or three-quarter full sizt*. 

.Complete the list of tools and material. 

Tools RcQUirod. — Rule. Pencil. Panel saw. Jack plane. Trying plane. 
Try s(juare. Gauge. Marking knife. Tenon saw. Bow wiw. Firmer chisels 
(various). Spokeshaves (iron and wood). Brace and 1-in. c«*ntre hit. Mallet. 
Routgr. Smoothing plane. Bratlawl. Hamtner. Nail punch. Screwdriver. 

Material ROQUired. — American white pine or poplar; two pieces (each for 
one side and one end) 23 irr by 2J in. by h in.; one piece (centre ])artition) 
14 in. by 4J in. by i in.; one piece (small cix)ss partitions) It) in. by 2j in. by 
i in.; one piece (bottom) 14 in. by 8} in. by J in.; nails, eight 1-in. oval wire; 
screws, ten J-in. No. 6; glasspaper; glue. 

Benchwork. — Stage.s.— 

1. Prepare all material. 

2. Mark out ends and, cut pins and giooves. 

3. Mark out sides and cut slots and stopptsl grooves. 

4. Mark out, cut, and shape centre partition. 

5. Mark out, cut, and tit small cross partition. 

f). Clean off’ inner faces; tit together and glue up. 

7. Carefully mark po.sition^)f screw holes in Isittom, l)ore Imlcs, and screw 
the bottoiinr'on. 

Note. — The under e<lges of the work should tirst be carefully ck^hned o’ff , 
• with a smoothing plane and tesieef with a straightedge to ensure jiaving all 
the e<lges flat .and in the “same plane 

8. Cleait outer surbices. 

Demonstrations. — N(me are reqpinsl for this exercise. The ,t<)ach<V , 
should, howeve?, explain in a general way the metho<l of procedure. This can 
best be accomplished by a process of (jyestiouing rather than direct^’* telling 
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Lessons: Timber. — SeaHoning timber (a) in the log, Cb) when cut into 
}»lank«, (c) when «awn into thin botvrds, (ci) when framed into articles. 

Tools. — More advanced lessons on the mechanical principles involved in 
tlie use of various tools. 

Clue — method of manufacture. * 

Caloulations. — Simple problems in keeping with the le.sson given on tools. * 
Determine the amount and cost of material consumed in making the box. 
Determine the volume of each compartment. 


EXERt^lSE V 
A PHOTO STAND 

Exercises Involved. — Marking out and sawing from the plank. Planing 
to dimensions. Geometrical marking out. Shaping with bow saw and sjHjke- 
shave. Chamfering (cross-grain curves and internal). Rel>ating with chisel 
and router (with and across grain). 

Instructions. — Drawjnq. — M ake a freehand sketch of the model, and 
write in all dimensions. Prepare working drawings as shown. Coniplete the 
list of tools and material required. 

Tools ReQUired. — Ruler. Pencil. Panel saw. Jack plane. Try square. 
Gauge. Marking knife. Compass. Tenon saw. Bow saw. Pad saw. Brace 
and centi'e bit. Firmer chisels (various). Mallet. Router. Spokeshave. 
Bradawl. Screwdriver (small). Snux)thing plane. * • 

Material Required. — Oak, ash, mahogany, cedar, black walnut, satin 
walnut, or teak; one piece (for fi*ont) 9 in. by 7 in. by i in.; one piece (for back) 
6 in. by 3 in. by \ in.; one piece (support) d in. by 2 in. by J in.; screws, two 
}-in. No, 4; two J-in. No. 4; glasspaper. • 

Benchwork.— Stages. — 

• 1. P»^re material. 

2. Mark out details of front, not includfh|^ the chamfers. • 

3. Cut^nd shape to outline, and mark and cut chamfer at top. 

4. Cut out central opening. 

.*). Make rebate on book. 

d. P^hamfer central 0 ])ening. 

7. Mark out, cut, shape, and attacli support to back pieca 

8. Prepare and fix buttons to back. 
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Demonstrations. -- 

1. of cut tin*; central opening. ^ , 

Note. — Small centre-hit hole.s shoiiM bo Injicd at each corner, t(? ftllow the 

blade of the pad .saw to enter. Caro mast be Liken, when fixing the work in ^ 
the vice, U) ariaii^e to have the “crosa grain” Hiip|xjrted; otherwiae there is ^ 
considerable danger of the work splitting. 

2, Metluxl of forming rel)ate on l)ack. 

Note. — T he im^lel should lie on a perfectly Hat surface whilst being 
chiselled. 

Lessons: Timber. — Metho<l8 of preserving titnber — (a) when submerged; 
(6) when exposed to variable atmosphere; (c) for indoor piirpo.ses. 

Tools. — Further lessons on the tcK)ls used in tlio exerci.se. 

More advanced problems on the mechanical principles involved in the use 
of the grindstone. e 

Caloulations. — Determine cost of material ased in making the mo<lel. 

How much glas.H will Is? nsjuinsl for glazing twenty models^ 

What will b*3 the cost of the glass for twenty nxKlels, glass being x'd. per 
square foot/ 


EXERCISE VI 
A R()OK REST 

Exaroises Involved. — Marking out and sawing fnnu tlie plank. Planing 
to dimension. Marking out (freehand curves). Mortising. Chamfering. 
Douhle-nttopped (/roovitig. Bow sawing and spoke-shaving. Boring. Intei'md 
yougivg. Gluing and wedging. 

Instruetions. — Drawing. — Make freehand sketches, and prepare three 
views oSgShown, Complete the list of ttx)ls and material. 

Tools Required. — Ruler. Pencil. Panel *«w. Jack plane. Trying plane. 
Try 8<^uare^ Gauge. Marking knife. Mortise giiuge. Firmer chisel. Mallet. 
Chisels (various). Router. Tenon saw. ’ Bow .sivw. Brace and A-in. cintre bit. 
Gouge. Hammer. Smoothing plane. 

* Material Required. — Oak, black walnut, satin v.alnut, oi .sycamore. One 
piece (Ijose) 19 in. by 6J in. by J in.; one piece (ftnds) 12 in by in. by j in.; 
glasspaper; glue. 
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Benohwork. -STAtiEs.— 

1. Prepare material. 

2. Mark out, cut, and shape base. 

3. Mark out, cut, and shape ends. 

4. Clean off, fit, and wedge together. 

Demonstrations.— 

1. Method of marking out mortises. 

Note. — It is advisable that these be worked from a central line; also, when 
marking out the pins on the ends, if the centre line be adopter!, the pins and 
mortises will coincide. 

• 

2. Method of working double-stopped grooves. Being short, the sides will 
have to be chiselled, and the waste removed by mean.s of the router. 

Lessons: Timbor. —Principles of shrinkage, and influence of medullary 
rays. • 

Tools. — Advanced les.Hons on the tools used in making the exercise. Manu- 
facture of iron and steel. 

Caloulations.— 

1. Find the area of the base. 

2. Find the volume of the base, including mortises, chamfers, and grooves. 

3. Calculate the weight of the model, having given the specific gravity of 
the particular wooil usecl. 

Wood. ♦ Spw'iSc* Gravity. • 

Note. — Oak ... -75 

Walnut ’60 

Sycamore -.59 

A cubic foot of water weighs approximately 62'5i lb. 

EXERCISE VII 
A CANDLE BO.X 

* * % * * 

< CxaroiSOS lnv.oWod. — Marking out and sawing from the plank. « Flaning 

to dimensions. Setting out of curves and dovetails. Spokeshave *afid gougi* 
woVk. Bqfing. Chamfering. Screwing., Hinging.' 

* Instruetions. — Drawing. — Make a freehands sketch of th^^odel and 

.proceed to complete the views shown. « 
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* This ni<xl(‘l,aflror<is a jjood example f(»r an advanced exercise in isometric 
projection. • 

•Cqinpleto tlie list of tools and material. 

‘Toots Required. — Ruler. Pencil. Half -rip .saw. Panel saw. Jack plane. 
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Trying jjane. Try wiuare. Oauge. Marking knife. Bevel Te4bn saw. 
Bow*iS.w. Spokeshave. Scribing gou^. Brace and J-in. eentre bit. FiTnler 
, chisels (Vttrious). Bradawls. Countersink. Hanniier. Mallet. Fije. Sin^tli- 
ing plane. ♦ * • 

MateiM Required. — Any hard wood (pine or, poplar may Is* U8e<J if 
desired). «)ne piece (front and ends) 25 in. by 3J in. by J ^iii.; one pio^c 
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(back) 14 in. by 7 in. by | in.; one piece (bottom and lid) 28 in. by 5i in.* 
by 5 in.; Hcrew.s, ei^ht 1-in. No. 8; braas butts, one pair 1-inl with screws; 
glasspaper; glue. ^ , * 

Benchwork. —Stages. — 

1. Prepare all material. 

2. Mark out and dovetail together sides and end.s. 

3. Mark out, cut, and Hnish top curves and holes in back. 

4. Prepare bottom. Clean off sides of box and attach l)ottoin. 

5. Prepare lid. Hinge lid to hanging stile, and fix in pasition. 

Domonstration. — Method of hinging lid to hanging stile. 

Note. — The lid and hanging stile should be kept in one piece until the" 
ends have been planeci and chamfers worked. The piece should l)e about 
1 in. in excess of the width of the lid plus the width of the hanging stile. 
When the ends and chamfers have been completed the width of the hanging 
stile should be gauged from the back edge and the width of the lid from the 
front edge. The parts can now bo separated by sawing Ixjtween the gauge 
marks. The wlges are next planed down to the gauge marks and fitted 
together. 

Method of attaching Hinges. 

1. Set two gauges, one to the width of the flange of the hinge and 
another to the thickness of the flange as indicjited in sketch (fig. 297). 
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' 2. Mark position of the hinges on piece A. Oai^ge the width ahd thickneas 

.of the flanges; remove wa.ste and fix flanges of hinges in recesses (fig. 298). 




(JOUHSK fJI 


H33 


!^OT&S 


* 3. TIk' hinges are opened and piece A is jdaeed against piece H so tliaf 
^ the knuckles wf the hinges rest upon B. The opening at E is arranged so 

as to give the desin'd amount 
of ‘joint, i.e. a piece of thin 
drawing paper placed between 
• the pieces will give the desired 
amount. \ line is then scribt‘d 
along the side of the knuckles 
as C to D, which detenuinejj 
the depth to which the flanges 

should l)e let in (tig. 291)). 

• 

Lessons: Timber. —Chem- 
ical structure of wood, illus- 
trated by simple experiments. 

Tools. — Compare the cut- 
ting a^ttion of the various forms 
of cutting to(ds and meeliaii- Kig. m 

ical principles involved.^ 

Continue lesson on manufacture of iron and steel. 

Calculations. — Work problems applying to iikkIcI as in former examples. 

EXERCISE VIII 
.\N INKSTANb 

Exercises Involved. — Marking out and sawing from the. plank. Planing 
(>o dimensions. Marking out. Mmdding in (he directum of the grain and 
avrosH live grain of the* v'(H>d. Doidde'Stopfted fluting. Boring with ftr- 
[Htnexon Jnt. Mitre cutting, .Screwing. 

Instructions. — Dkawincj. — F rom freeliaiid sketches of the TiiJ>del prepare 
a plan, side elevation, and secjicth, as shown. 

Complete the lists of tools and material rc<niired. * aL ^ 

* Tbe^ ^Required. — Ruler. Pencil. Half-rip saw. Panel saw. Jack pVaije. 
Trying •p/lanA Try sr|uare. (Jaiige. Marking knife. Ckunposs. Firmer 
'gouge. Br^ice, and c^panHiini hit. Tenon saw. Small pin hit arjii cowiter- 
sink. Smoothing jJnne. ^mntl )t<tlluWH nnd round» if theee he nerd ftrr* 
v^irking the monldinge.) 
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Matdrial ReQUired. — Black Avalnut is very suitable for this model— other 
. woods may used at discretion of teacher. One piece (top) 14 in. by 91 in. 
by hjdq.; one piece (base) 48 in. by 2J in. by i in.; screws, ten J-in. No. 6; 
glasspaper. 

Benchwopk.— Stages.— 

• 

1. Prepare material. 

2. Mark* off length of top, set out holes and flute. 

3. Gouge out the flute and bore tlie holes. 

4. Cut off waste at ends of top, sawing very close to the line but leaving 
a very small margin for cleaning off the end grain. 

• .5. With pencil gauge, mark on lines for hollow along edges and ends. 

Chamfer down to the lines. Use a firmer gouge and gradually work the 
hollows, being careful to first complete the hollows across the end grain. 

Note. — It affords an excellent exercise in the manipulation of the gouge 
tcr* complete the hollows with the aid of the gouge alone. There can, however, 
be no objection to the use of a round” for this purpose, provided it is avail- 
able. llie manipulation of the “ round” is in itself a valuable exercise. 

6. (Jlean oft* “end grain” at ends, using a metal smoothing plane or block 
plane (if available), taking ciire to work from the ends toward the centre 
in order to avoid splitting, 

7. Mould the edges of piece for Imse. This can Vxi done by using a 
“ hollow”, or may be finished by using smoothing plane and glass|)aper only. 

8. Gut and fit “ mitres” on Ixisc strip. 

Note. The mitres may bo cut in a niitre box or by the aid of a bevel 

set to 46®. The shooting of the joints will be done on a mitre shooting 
boanl. 

9. Fix base pieces in fKjsitioa 

Demonstrations. - 

1. MetluKl of working hollows. 

2. Methoff of mitring base strips and fixing in position. 

L^SPns: Timber. — ( ’loser comparison between the vario'is kinds of waods, 
and coufttHes*from whence obtained. 

Tools. -»-Hol lows aAd rounds, ^nd principles of construction o^ppl Ml ^to 
moulding ^flanes in general. * 

^ Brief outline of the process of i^'ducing cofnxjr from the ore.^ 




Fig. 3U1 
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EXERCISE IX 
A PASTE BOARD 

EfxercisdS Involved. — Marking out and sawing from the plank. Plnnivg 
to Himeiuiion (large Hurfairn), ShouUiev viitthig (long). Mortising. Plough’ 
hug. Bow sawing. Spokesliaving. Boring. Cleaning oH* 

Instructions. — Drawing. — Prepare plan, elevations, and sections. An 
isometric projection of one corner of the model would prove very serviceable. 

Complete the li.st of tools and material required. 

Tools Required. — Ruler. Pencil, Half-rip saw. Panel saw. Jack plane. 
Tjying plane. Try scpiare. Oaiige. Marking knife. Mortise gauge. Mortise 
chisel. Tenon siiw. Plough. Bow saw. Firmer chiM‘1. ^S{K>ke8havo. Brace 
ami centre hit. Hammer. Mallet. Cramp. Smoothing plane. 

Material Required. — American white pine. One piece 16 in. by 12^ m 
by 1 in.; one piece 25 in. by 2^ in. by 1 in.; glue. 

Bench work. —Stag es. — 

1. Prepare material. 

2. Set out shoulder and tenons, 

3. Set out and make inortise.s in clamps. 

4. Plough clamps. 

5. Cut tenons and .shoulders 

6. Fit ami glue together. 

7. Clean otf’ surfac(^s and cut off waste at ends of clamps. Round corners 

Bore hoi A * 

8. Clean off' ends and »^dges. 

Demonstrations. 

1. Method of setting out. 

2. Methotl of holding and using the plough. 

3. Method of cutting tenons and long shoulders, 

4. Gluing, cramping, and pinning. * , 

Lessons: Timber. — Varioi« products obtained from the timber trees of 

commerce, ^and uses to which apjdiyd. - 

Tools.'— Thy plough. Name of parts and use of each. 

Metals. -^Continue lesson on copper ami reduction from the ore. 

Several methods may be applietl to the treatment of the clamp^'^r tVils 
particular model, and the tikeher should use discretion concerning the par- ’ 
(c.ue) < , 
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r\g. ao-i KiK rwKJ Ki;i fir. :«w* 


I tieulur HH‘th<xl iidopltMl i’or any ehiHs. V arious methods 
mij(ht W adopted in the saiiie claas, particular scholars 
being assigmxl certain inethoils in keeping with their 
ability. 

The various methods are here briefly defined and 
illastrated, but for the purjx)se of the special descrip- 
tion above it was a.s8umed that the stopped mortise 
and tenon would \ye atlopted. ^ 

(a) Do WELLING. — This consists of boring Jioles and 
inserting hard -wood dowels (pins). Caro must be 
taken to ensure that tin* holes are concentric (fig. 
302). 

{b) Gr(x)VE and ToNcyoE. — This consists of form- 
ing a tongue on the piece to bo clamped, and making 
a plough groove along the edge of the clamp (fig. 303). 

(c) Grooved and Tonoued. — The end grain of 
the piece to be clamp..'d is grooved, also the edge of 
the clamp. Inb) these gr(X)ve8 a hirti-^wood cross- 
rtit soe grained tong\ie is inserted (fig. 304). 

(d) Groove, Tongue, and Tenons. — As de- 
Acril^ed* lor the exercise, but the tenons are allowed to go through the 
clamp and are wedged on outer edge (fig. 300,. 
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* (e) Mitre Cl*mped.-As dcHcribe,! in «, 6. c, rf, only instPud of the end 
gram of the cliftnp showing on the side of the work the corners arc mitred 
as m* hg. 305. 


EXERCISE X 

A KNIFE BOX 

Exercises Involved.— Marking out and sawing from the plank. Plan 
ing to dimensions. Dovetailing. Bow sawing and spokeshaving. Boring 
Chamfering. Nailing and screwing. Lining vnlh ** green baize*\ 

Instructions. — Drawing. — Prepai'e plan, side elevation, and section from 
the isometric view shown. 

Bench work. —St a g ks. ~ 

Prepare material. 

2. Dovetail sides and emds together, also prepare grooves for centre 
partition. 

3. Mark out, cut, and tit central partition. 

4. Prepare base. 

5. Lino all inner surfaces with green baize. Glue and lit together sides 
and centre partition. 

(>. Clean off’ outer surfaces of box and fix bottom in position. 

Demonstration. — Method of covering surfaces with baize. 

Lessons: Timber.— The geographical distribution of forest areas and 
influence of climatic conditions. 

Tools. — Meth(xJs of manufacture. 

Process of hardening and tempering cutting tools. 

Metals. — Zinc and its w<luction from the ora 
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EXERCISE XI 
A KOIJJNd Pl\ 

• . Exercises Involved.— Marking out ami sawing from the plank. (Thick 
material.) Pj^anin^ to dimensions. Planituf ta ewrved form. Plaoimj rurmf 
chamfers. Modcll'naj surface hariug double ntrvatnre. 

Instructions. — Drawing. — Prt*|)are the views shown, tog<‘ther witli the 
centre sections and end elevations, showin|;f the stages throujtjh which the work 
passes. 

* Ck)mplete the li.st of tools and material. 

Tools Required. — Ruler. Pencil. Half-rip siiw. Jack plane. Try 8<|uare. 
(lauge. Marking knife. Tenon saw. Compass. Smwithing plane. Firmer 
chisel. Spokeshave (iron). File. 

Ilaterial Required. — One pit‘ce of American pine, birch, or sycamore 
14 in. by 2 in. by 2 in.; gla.s.sj)aijer. 

Bench work.— STA(iE.s. - 

1. Prepare rectangular j)riHm. 

2, Mark centre lines on ends. Shape to rectangular section, working from 
centre lines and comparing with curve in drawing. 

8. Shape to octagonal .section. 

4. Shape to circular section. 

5. Finish with spokeshave, tile, and gla.sspajM‘r. 

Note. — T est with eye, hand, and drawing. 

Demonstration.— Metlus I of prmlucing curved form in each .stage. 

Lessons: Timber. — Cluiracteristic features of various trees. Bark, foliage, 
flowers, fruit. 

Xools. Continue lesson on methwis of manufacture. 

Metals. Continue les.sou on iync. and reduction from tlie ore. 
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EXERCISE XII 

A HANDKERCHIEF AND ('OLLAR JU)\ 

Exercises Involved. — Marking out and sawing from the plank. Plan- 
ing to dimsnsion.s, Jaivtuuj with rrosH-gntln (fViHJve-antl-tonifiie joint. 
Hinging, 

Instructions. — Dkawino. — P repare the three views shown. 

Complete the list of t(X)ls and material required. 

^ Tools Required.— Ruler. Pencil, Panel saw. Jack plane. Trying plane. 
Iry square. Gauge. Marking knif<‘. Tenon saw. Firmer chisels (various). 
Mallet. Bradawl. Smoothing plane. 

Material Required. — Oak, tish, black wahmt, mahogany, or cedar. One 
pieqe (aides, ends, partition) r)2 in. by 8J by J in.: one piece (bottom and lid) 
Rl * 111 . by 7J in. by .J in.; one pair 1-in. brass butts and screws; screws, ten 
j-in. No. 4 (bims). 

Benchwork.— STAGE.S. — 

1. Prepare all material. 

2. Set out sides, ends, and centre grocjves. Cut and form joints. 

8. Clean off inside surfaces and carefully glue and cramp the parts to- 
gether. 

4. Clean off' outer surfaces. 

5. Prepare and fix bottom in position. 

6. Prepare and hinge lid to box 

Demonstrations. — 

1. Method of forming joints. 

2. Method of gluing up and squaring the box. 

3. Method of blocking the interior whilst cleaning off outer surfaces. 

4. Hinging lid. 

Lessons: Timber. — Dis<uisf‘H and their causes. 

’TotJs.'^Proce..ss of manufacture .fon tinned. 

Metals. I— i^vviss. — Composition and manufacture. 

Note. — Jhis model lends itself to further treatment. The surfaces c^vild 
be carved oi* inlaid. * ♦s* 
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EpRC|SE XIII 
A STATOWERY C.’AIUNKT 

ExeroisSs Involved. — Marking out and sawing from the plank. Planing 
to diinonsions. Bow sawing and sixjkeshaving. Dorf'tailing («/;nr// cuhinet 
<hnu‘tallsi). Shaping and fitting. 

Instructions. — IIrawinv}. — F rom th<' isometric sketch prepare a plan, 
^ont elevation, and side elevation. 

(^omplete the list of tools and material. 

Tools Required. — Ruler. Pencil. Panel s<iw. .lack plane. Trying plane. 
Try s(|uare. Gouge. Marking knife. Bevel. (.'om|>as8. Tenon saw. Bow 
sa:ji\ Sjwkeshave. Firmer chisels. Mallet. Hamim*r. Smoothing plane, 
Bra<law'l. Screwdriver (small). Brac<* and ^-in. centre hit. 

Material Required. — Hard w(kk 1 or c<‘dar, os selected. One piece (hack and 
Ixjttoin) 15 in. by 71 in. l)y J in.; one piece (ends) 12 in. by (>1 in. by } in.; 
one piece (front) 7 in. by HI in. by \ in.; one piece (i>artition) 0 in. by 41 in. 
by 1 in.; brass screws, si.x J-in. N(t. 4; glue; glas.spaper. 

Bench work. — Staok.s,— 

1. Prepare all mater ial. 

2. ' D^Tvetail outer framing. 

H. Cut and finish curves on Ijack, ends, and front 

4. (^it and tit centre partition. 

5. Shape and fix lK)ttom. 

Demonstration. —Node required. 

Lessons: Timber. — Defects and di.seases. 

Tools.— Proce.Hs of manufacture continued. 

Metals. General reoapitulatioa 

• * 
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EXERCISE XIV 

A MEUR'INE CABINET 

« 

Exercises Involved. — Marking out ami sawing from the plank. Planing 
to dinienaions. Advanced exercises in marking out work of varying descrip- 
tion. Advtfnced bow sawing and spokeshaving. 8topp<*d giYxiving. Finim- 
ing and fKvnelliiig an a^yplied in niaking of door. iMpped doreiailing and 
contmon dovetailing an applied to making drav:er. Fluting. Hinging and 
general tit ting together of parts, 

• Instructions. — Drawing. — Preiiaiv a front elevation and section as shown. 

Prepare working details of the drawer and various other parts as required. 

Complete list of tools and material. 

Tools Required. — Ruler. Pencil. Half-rip saw. Panel saw. Jack plane. 
T(|ying plane. Try square. Gauge. Marking knife. Tenon hiim’. Chisels 
(various). Bow saw. Sjiokeshave. Side fillister. Brace and centre bits, 
("onipass. Mallet. Hammer. Moiiise gauge. Mortise chiscd. Plough. 
Router. Bradawl. Sciewdriver. Gouge (small). Smoothing plane. 

Material Required. — Pine, pojilar, selected liard wood, or combination of 
above. 

For /tor/y.—Sides, two pieces 29 in. by 7 in. by J in.; top Imck piece, one 
piece l(i in. by 12 in. by J in.; shelves, four pieces 16 in. by in. by f in. 

A'iyr(vi at One piece, 15 in. by 2J by J in. 

Lox^r Portion of *Back.— One. piece 16 in. by 15 in. by i in. or i in. 

For Door.—StWes, two pieces 15 in. by 1 J in. by 1 in.; top rail, one piece 
11 in. by If in. by 1 in.; bottom rail, one piece 11 in. by 2J in. by 1 in.; panel, 
one piece 10 in. by 9 in. by 3 in.; side pieces, two pieces 13 in. by 1} in. by 
1 in.; one pair IJ-in. brass butts; one small door handle; one siiiall drawer 
handle; nails; screws; glue. 

Benchwork.—STAGEs.— 

1 . Pregaro material for bqd 

2j Ghje side pieces together with piece of paper between theni,^in order 
that ftoth inqy be worked together. 

3. Set\)ut curves, grooves, &c., on side pieces. 

4. Cut*stopped grdoves for shelves. Cut and shape all curvfn^ Rjifte , 

back edges.* p * 

* 6. Prepare and fit shelves. 
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• (). Pi epart! top baS&k piece. 

7. Clean ofj'MI inner facen; glue up, clamp, and nail together the sides and ' 
fihel ves. 

a Fit and Hx l)ack piece at top. 

^ 1). Fill in lower portion of hack. 

I ^ ](). Cut, shape, clean oti', and fix apron at In^ttom of front. Clue block 

under side 4)f bott()m shelf and l)ack of apron. 

11. Pre'pare and fix side pieces (hanging and meeting stile) of d(K>r. 

12. Prepare all material for door. 

18. Set out stiles and rails. Make mortises. Cut tenon.s. Plough stiles 
and lails. Cut sliouMers. (Jut liaunehion.s. Fit t<»gether. Prepare ami fit 
panel. Clue and cramp up, J^ay to one .side to diy. 

14. Prepare material for drawer. 

15. Set out front, sides, and back, and dovetail together. Plough front for 
iKJttom. Prepare side fillets for Ixittorn. Cut and fit bottom. Glue up and 
mj^il lx)ttom. I^ay to one side to dry. 

Ifi. Clean oft’ Fit and hang dour. 

17, Clean off and fit drawer. 

18. Attach fittings. Clean oft' outer surfaces. 

Demonstrations. 

1. Method of fitting ]>anel. 

2. Dovet^iiling of drawci-. 

8. Fitting fillets to drawer. 

Les^ns. — Uoncraf recapitulatioa 
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Africa, <*)iniate, * 011 , rivei’s, 
forest area, and ireeet, 119. 
Alaska, 114. 

Anierica. reiitiai, ll.'V. 
America, North, princijjal 
trees, and forest areas, 1 10 
America, 86uth, 116. 
A.ndaman Isles, 119. 

Ang(^ dihedral, 65. 

AifKlea, obtaining varioas,3l. 
Asta^ forest anas, 117. 
Auger, 86. 

Bark, 88. , 

Bast fibres, 66. 

'Bench holdfast, 8S8. 

Bench I'ophi, 9. 

Bench screws, IS, ^ 101. 
Benches, work, IOl 
B essemer oortverter, 127. 

Bits, 217, 234,836,236. 
•Blackboard, 17. . 

Blast furnace, 123.. 

Book rest, 328. 

Bookshelf, 294. 

Bow-saw, 103, 164, 171. 

Bgx, faiidle, 8^, 

Box,' common, dovetailed 
joint, .321. • 

B<<f, handkeiThief, 343. 
B<»V,^nife, 339. * 

Box, nail, .324. 

Bqir, lar,^ 263. 

•Box, soaj^ 267. 


Box, toilet, 270. I 

Biuce, 88, 817-20. 

Brace vice, 86. 

Bracket, corner, .304. 

Biacket, wall, 279. 

Biwdawl, 84, 214. 

Brass, 129. 

Brazil, foi-ests of, 116. 

Bread boards^ 300. 

Oimbiuiu layer, .85. 
t^inplmr, 71. 

Canada— climate, livei's, soil, 
rainfall, 110. 

Canada Bahiain, 70. 

C^ar boom, 120. 

Central-rack system, 11. 
Ontiw bits, 236w 
tTiainferiiig, 191, 204, 247. 
(.3)arcoal, uses of, 60. 
CTiiselling processes, 201-14, ' 
243. 

Cliisels (various) and parts, 
00, 02, 196-200. 

(^uck of brace, 219. 

Class management and dis- 
cipline, 20. 

cnassroora and genciftl ar- 
rangements, frontispiece, 
('lassrooms and cffuipiueiits, 
H. 

(leavage of timber, 64. 
(\>mpass saw, 16.8, J71. 
Compasses, 28, .31. * ^ 

SM 


Compression of timber, loi. 
Copper extinction, 130. 

Cork lubbei s, 226. 
(Vaintci-sinks, 23.’>. 

Cramping ends, methods of, 
.3.36. 

Ci’amps, 227. 

Cupboards, 1.3. 

(’urved chamfering, 206. ' 
Curved surfaces, 49. 

Door handle, 83, 

Dovetail joints, 316. 

Dovetail saws, 164. 

Drawing, SS6-34. 

Dmwing boards, 28, 32 
Diawing-class rocUn, 13. 
Drawing desk, 16.« 

Diliwing tcxils, 27. c 

Kgg stand, 260, 

Els (red, white, rook), 120 
Essen Hout, 120. 

Europe (mapX climate, lain- 
fall, nveinB, coast - line, 
towns engaged In tiinljer 
trade, foi-est areas, 107-9. 
Expansion l^t,.234. 

Fen ule of a chist', 103. 

Files, 228. 

Fir trees, 70. 

Pinner eliisel, l.^, 200, 201. 
Fluting, 213b 







Foot stool, 307. 

Force, centrifugaL Jlr>. 

^'oi*ce and work, fS. 

ForolK lyiijallelogmm of, 77. 
Forc:^H, retKoliitioii of, 78. 
Fn*’8tner auger bit, 234. 
friction, 99. 

(fauges, ttietwi^marking, 148. 
({augea, rtetting Mingle, ir)2. 
(laugea and gauging, 147'‘)0, 
244, 254. 

(lauging, edge, 152. 

(^iiging, Hurface, 154. 

(teel Hout(yell<»w wo<jd), 121. 
(reography of manual train- 
ing, 10.5. 

(reruiination, 52. 

Gimlets, 85, 216, 217. 
Glaoa-papering, 102. 

(4Iue, 132-4. 

Greenheart, 116. 

Grindatone, 87, 88, 231. 
(4r«xjving, 202, 20.3, 208. 
Groundlino and axes, 45. 

HalMapped joint, 274. 
Haniiuer, 98, 221.^6. 

Hand oaw^^l. 

Hat mil,%10. 

Heartwood, .5.5. 

Hinges, 331. 

Holdfasts, 228. 

Inclined plane, 91-4, KX). 
India (map of), 118. 

Inertia, 97. 

InkHtand, 202, 3.3.3. 

^nlaid lanip^^id^ 207. 

Tryn, ^2.3^ 

IronwdM^lark and >vliite), 

120 . • 

'^^metric HC^Jp, 42. ^ 

• ) 

Jock pfane, 97, 174, 184. ^ 


•I 

K<?y, a, 84. 

Keyboaid, a, 251. 

Key labels, 249. 

LampMtand, inlaid, 207. 
loanee wood, 116, 120. 
Lessons, distributiitn of, 23. 
ijetter rack, a, 285. 
liCtterwood, 116. 

Ls'veiT*, 81-91. 

Lines, jirojection of, 38. 
Lines, types «>f, ,34. 

LK»gw<s»d, 116. 

Liinil>eriug, 112. 

Maliogany, 115. 

Mallets, 221, 224-6. 

Manual training, 5. 

Maps. Afi ica, 120; Austiulia, 
120; Furope, 107; India, 
118; North America, 111 ; 
South America, 120. 
Marking out, 213. 
Measurement, systems of, 
73. 

Meehan u^l devices, 81. 
Medicine cabinet, 347. 
Medulla and medullary rays, 
58. 

Melk Hoiit (milkwood), 121. 
Metals used in connection 
with manual training, 122. 
Metric system, 7.3. 

Mirror frame, a, 309. 

Mfidels, analysis of, .35. 
Momentum, 97. 
^^ortiHe-and-tenon joint, 282. 
Mortigs chisel, 89, 210, 211. 
Mi^rtise gauge, 149 51,1.55 6. 
Mortising and mortises, 208. 

Nail, driving a, 224. 

Nail, extrac'ting a, 234. 

Nails i-erstts screws, 101. 
ifotcliinfi, 207. 


Gak tit'e, 52. 

(Krania, 121. 

(KtHg»)n, setting out, on end 
of piece, 252. 

Oilstones, 228. 

Oliven Hout (wild olive), 121. 

Pad saw', 16tf. 

Padouk, 119. 

Panel saw, 162. 

Paring, horixontal, 200, 201, 
2a3. 

Paring confined curves, 208. 
Paring curved surfac'es, 207. 
Paring large flat surfaces, 21 2. 
Paring obliquely, 206. 

Paste board, 336. 

Pencils, 28. 

Ph<»to stand, 326. 

Picture frame, Oxford, 308. 
Pincers, 90, 233. 

Pine trees, 70. 

Pith, 6a 

Plane iiviiM, 170, 178, 180. 
Planes and planing, 97, 173- 
9.5, 246. 

Plough |iJuiie, 19.3, 194. 
Prisms and cylinder, 47. 
Projection, isometric, 41-51, 
Proje<!tifHi, orthographic, 34* 
41, 44, 46. 

Punches, 229. 

Radial cutting of timber, 64. 
Ratchet of brace, 219. 

I Reliate pianos, 179, 191. 
Keliatiiig, use of plough 
groove, 102-# | ^ 

Rel sit i ng w'i til Tliisel, 1 02, 2 1 3. 
Ridiiiiiiig witt fillet, 192. 
Roliating with sa^ fillisi^r, 
19.3. • • • 

ReliHting with side fillister, 
19.3. , •• 

^Resins, 70. 



352 


INDEX 


lU'veibeiatorv fiiinat;e, 123. 
Hip Haw, lOI, 173. 

Holliiig piii| 341. 

Htme wfxxl, by pitKluct, 71. 
HoiiUt platieH, IW. 

Hiller, round, 2fl4. 

Huleix, 27. 20, 220. 

Sap, 54. 

Sapwood, 6ft. 

Sanh filUHter, 103. 

Saw teeth. 167-0, Iftl, 162, 
172. 

Sawing, 102, 166-71, 243. 
SawH, 156-66. 

SawH,Hetting andaliar}ivniiig, 
171. 

Science in Manual Ti-atning. 
71. 

Sei’ewdnvere, 230. 

S< rews, 03, 04, 101, 102, 104, 
136 0. 

SerewH naila, 101. 

Si-ribing, 211. 

Seaaoniiig of tiinl>er, 60' 62. 
Set wpiaren, 27, 30-1. 
Shearing cuts, 202. 

Shell gimlet, 217. ' 

Sh< Mating boaitln, 168. 
ShfKitIng ptanea, 170. 

Show raMea^ 13. 
^jhnnkageoftmiber,60, 62-6. 


r 

Side filliaiej .OOS. ■ 
SiiTgle-OHith marking gauge, 
147. 

SiiKxithiug plane, 170, IDO, 

101 . 

Hneezewoodt 121 4 

SpeciHo gravity, 76. 
Spokeahavea, 181, 106. 
Stiuariug fratnea, 200. 
Stationery cabinet, 345. 

Steel, 126-8. 

Stinkwood, 121, 

Stopped chamfering, 206. 
•Stoiijied cntting, 207. 

Stopiied grooving, 208. 

Stove i-ooni, 17. 

String winder, a, 276. 

Swim gimlet, 217« 

T'Hquarea, 28, 33. 

Teacher’s Room, 17. 

Tenon Saw, 162, 168, 318. 
Tenaion, 103. 

I'hunib gauges, 151-2, 166, 
254. 

Timber, cleavage in, 64. 
Timber, cutting ^f, 64. 
Timber, seasoning, 60-62» 
Tiipber, shrinkage of, 60, 
62-6. 

Timber, tplilting of, 63. 
Tinilier, tranaporting of, 121.* 


Tobin’s tul)^ 10. 

'^ool equipment, 18.' , 

Tool racks,^ 10, li2. 

Tools, boring, 214. / 

Tools,' lessons 
Towel roller, 287. 

Ti^, transverse action of a 

Trees, by-pi'od‘i‘»tH, 70. 

Trees, distribution of, 105- 
22; growth of, 61. 
also Timber^ Hoot/1 
Trefoil, 60. 

Try Hipiares, 143 -7. 

Trying planes, 178, 188, '* 
Turn screw, 23,6. . 

Tw'ist gimlet, 217. 

United States, forest aieas 
and trees, 113. 

Vices, 12, 94. 

Wedge, 02. 

Weight, 74. 

Wood, by -prod nets of, 60. 
Wo<)d, structure of, 66^,134.^ 
WiMHlen spoon, a, 312. 

Work and foivc. 75. 

D 

/ebra wood, 116. 

Zinc, 131- 
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